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I 


Durine the first decade or two of the 
eurrent century, geologists, astronomers 
and physicists engaged in many discus- 
sions concerning the future of the earth 
as an abode for life. Some believed that 
“the end of the world’’ was relatively 
close at hand; others, that the prospect 
for the future was to be measured in 
terms of hundreds of thousands if not 
of millions of years. As usual in scien- 
tific circles, there has emerged from the 
conflict of ideas during the years of dis- 
cussion a general unanimity of opinion, 
and to-day the geologic outlook for the 
future of the earth is quite clear. 

Since the turn of the century new 
methods of measuring the length of geo- 
logic time have been discovered and ap- 
plied. New concepts of the nature and 
sources of energy have been proposed 
and tested. New data concerning as- 
tronomie space and the distribution of 
the stars have been secured. Innumer- 
able details of earth history have been 
deciphered to give a trustworthy record 
of the changes which the earth and its 
inhabitants have undergone in the past. 
The key to unlock the secrets of the 
future is now available in this knowledge 


1An address delivered under the joint aus- 
pices of the American Association for the 
Advancement of Science and the Society of the 
Sigma Xi at the Columbus meeting of the asso- 
ciation. 


of the past, and with our present under- 
standing of the processes of nature that 
key may be intelligently used. All the 
evidence combines to lead us unmistak- 
ably to the conclusion that for many 
scores if not for hundreds of millions of 
years to come the earth will continue to 
be a comfortably habitable abode for 
creatures like ourselves. 

Surface temperatures of the earth, the 
most important item in any considera- 
tion of its long-range habitability, are 
determined by the receipt of solar energy 
distributed through atmospheric agen- 
cies. For any given area of land the 
annual contribution of heat from the 
earth’s interior, hot though it may be, is 
just about equal to the warmth received 
from the sun in twenty minutes by an 
equal area in equatorial latitudes under 
a clear sky at mid-day. The nineteenth- 
century picture of an earth, initially 
fiery hot but progressively cooling so 
that yesterday it displayed a glacial 
climate and to-morrow it will be too 
frigid to support life, may now be thrown 
into the discard. The earth will ‘‘grow 
old and die’’ only as a result of failure 
to receive adequate supplies of radiant 
energy from the sun. The prospect that 
the sun will ‘‘burn itself out’’ in a de- 
crepit old age is so remote as to baffle all 
attempts to date that untoward event 
even by those who are expert in manipu- 
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lating astronomiec figures. Nor is there 
any likelihood that the space relations 
between earth and sun will change appre- 
ciably within scores of millions of years 
and put the earth either too close to the 
sun or too distant from it for comfort. 

The lurid pictures of a sudden cata- 
strophie debacle resulting from collision 
with some other heavenly body—comet, 
planet, star or what you will—are prod- 
ucts of a vivid imagination wholly with- 
out foundation in astronomic fact or 
theory. 

The only plausible 
conclusion that earth and sun will con- 
tinue the even tenor of their ways for 
an inconceivably long period of time is 
that the sun will some day imitate the 
super-novae occasionally detected among 
the stars and terminate the existence of 
the entire solar system by a gigantic 
explosion. Precisely one such super- 
nova has been observed within the 
galaxy of the Milky Way and several 
such in all the other galaxies of stars 
The as- 


alternative to the 


during the past few decades. 
tronomers could therefore calculate for 
us the chances on a statistical basis that 
any individual star—the sun, for exam- 
ple—would suffer such a fate within any 


given period of time. The result would 
be a figure so infinitesimal as to set at 
rest the mind of even the most jittery 
of questioners. Pending the discovery 
of the kind of premonitory symptoms 
displayed by stars about to blow them- 
selves to atoms, the best that can be done 
is to rest content in history. Since the 
earliest records of living creatures were 
left as fossils, if not indeed since the 
earliest sedimentary rocks were formed, 
the sun has faithfully maintained its 
energy output within a fairly narrow 
range and has given no evidence of any 
fluctuations that might suggest any sig- 
nificant change in its behavior. 

The geologist may therefore turn with 
confidence from the long perspective of 
geologic past with its one-and-a-half to 
two billion years of recorded earth his- 
tory to a similarly long prospect for the 
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future. Time is one of the most oy 
whelming resources of our universe 

It should not be inferred, 
that the earth will continue in the fu 
to display the same environmental « 
ditions as those which we enjoy to-da 
The history of mankind thus far has 
been enacted against a background + 
in the full perspective of earth hist 
is truly extraordinary. The 
period in which we live is a time of 
usually rugged and extensive lands wit 
notably varied climate ranging from t 
glacial cold of Greenland and Antaret 
to the oppressive warmth and humid 
of certain equatorial regions. Such « 
ditions have apparently recurred mar 
times at long-spaced intervals since 1 
oldest known rocks were formed, | 
added together the time thus represented 
ean not be as much as a fourth of geo- 
logic time. Much more characteristic o! 
earth history as a whole have been th: 
conditions illustrated by those periods 
when corals thrived in shallow seas occu 
pying the site of Baffin Land and North 
Greenland, and coal-forming plants flour- 
ished on Antarctica. The probability is 
strong that eventually, say in five or ten 
million years, the earth will display) 
again the physical conditions of man) 
past geologic periods that were charac. 
terized by broad low lands, wide shallow 
seas and uniform genial climate. 

But most of us have a greater interest 
in the next few centuries than in the 
subsequent millions of years. Minor 
changes in climate will doubtless occur 
just as they have in the last few thousand 
years. Unfortunately, or perhaps fortu- 
nately, there is no basis for prediction 
concerning their nature, whether for 
better or for worse. There is really no 
good reason for referring to the present 
as ‘‘a post-glacial epoch’’; it may prove 
to be an interglacial epoch. But ow 
ancestors weathered ice ages in the past 
and presumably we are better equipped 
for such contingencies than they were 
Should the average annual temperature 
of the earth as a whole be reduced some 
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thing like 10° F. and remain at that 
lower level for a few millennia, it is 
likely that once more the greater part of 
Canada, the northern United States and 
the Seandinavian countries would be 
buried beneath great ice sheets. But in 
consequence of the removal of water from 
the sea as vapor to form the snow to pro- 
duce the glacial ice, considerable areas 
now shallowly submerged along the coast- 
lines in middle and equatorial latitudes 
would emerge as dry land. Indeed, it 
is likely that the area of land suitable 
for human abode would be nearly or 
quite as great at the climax of a glacial 
period as it is to-day. 

By the same token, the disappearance 
of existing bodies of glacial ice as a re- 
sult of rapid amelioration of climate in 
the not-distant future would, if it oe- 
curred, be a decidedly mixed blessing. 
Return to the sea the water now impris- 
oned in the ice on the Arctic islands, 
Greenland and Antarctica, without any 
compensating changes in crustal eleva- 
tion, and sea level would be raised 50 or 
60 feet the world around. Considering 
the number of people who now work or 
sleep in buildings in metropolitan com- 
munities not over 50 feet above sea level, 
the importance of such a change is 
readily apparent. 

But from the geologist’s point of view 
these are relatively trivial matters. With 
due deference to the nature of the cli- 
matic variations and geologic changes 
which are certain to occur in the next 
few thousand years, there is nothing to 
be expected from such sources that would 
serious!y deter the human species from 
maintaiaing a comfortable existence on 
the surface of the earth for an indefi- 
nitely long period of time—a period to 
be measured in millions rather than in 
mere thousands of years. 


II 
At last, it is generally understood that 
man is a part of nature. He may be 
something more than an animal (that 
depends largely upon definition), but he 


is none the less truly a part of the animal 
world. Like the other inhabitants of the 
earth, man is a product of evolutionary 
processes operating on this particular 
planet. 

We may be the latest product of the 
creative forces displaying themselves in 
the organic deve'spment taking place in 
this particular portion of the cosmos, but 
we have no reason to assume that we are 
the last achievement of those forces. 
Nor does the fact that man has arisen 
from a lowly origin through processes of 
evolution validate the optimistic infer- 
ence that he will necessarily continue his 
progress to ever higher levels of activity. 
Evolution does not guarantee progress; 
it merely guarantees change. The change 
may be for the better or the worse, de- 
pending upon the conditions of time and 
place and the vitality of the individuals 
concerned. 

The pages of Mother Earth’s diary 
reveal an amazing and thought-provok- 
ing record of the progress of living 
creatures throughout the long eras of 
earth history. Again and again, in the 
procession of the living, dynasties of 
animals or plants have arisen from a 
humble origin to a position of world 
supremacy, maintained for a compara- 
tively brief period and then lost forever. 
Some have disappeared entirely as their 
paths have led them off into blind alleys. 
Others have sunk to a low level and have 
continued a degenerate existence to the 
present day. A few have given rise to 
other and more efficient forms of life 
that superseded their predecessors as 
leaders in the procession. Gradually we 
are discovering some of the reasons for 
success and failure along the path of life. 
Beyond question, man may profit from 
these experiences of the past, if he uses 
the intellectual and moral resources 
which are available for him. 

From the point of view attained 
through knowledge of geologic life devel- 
opment, man has to-day a unique oppor- 
tunity to gain continuing security for 
himself and his progeny on the face of 
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the earth, but whether or not he takes 
advantage of that opportunity is to be 
determined largely by himself. So far 
as we can tell, man is the first animal 
possessing the power to determine his 
own evolutionary destiny, but there is 
nothing in the record which guarantees 
that he will use that power wisely. 

The animal species that in the past 
have been able to maintain their existence 
for more than two or three million years 
are relatively few in number. Most of 
them were comparatively simple types 
belonging to the less highly organized 
branches or phyla of the animal king- 
dom. Many were inhabitants of the sea 
where environmental conditions were 
remarkably stable throughout long pe- 
riods of time. Among placental mam- 
mals, the major subdivision of the verte- 
brates to which man belongs, there is no 
similar record of longevity. Except 
under extraordinary conditions of geo- 
graphic isolation, no species of placental 
mammal has persisted more than two or 
three million years. No matter how suc- 
cessful it may have been temporarily in 
multiplying and spreading over the face 
of the earth, each has become extinct in 
a geologically brief span of time. Per- 
haps a half million years might appro- 
priately be taken as the average ‘‘life’’ 
of a species in this group of highly organ- 
ized and notably complex creatures. 

But extinction does not necessarily 
mean failure; it has frequently indicated 
the acme of achievement. For example, 
some of the now extinct three-toed horses 
and four-toed camels passed on ‘‘the 
torch of progress’’ to their descendants, 
the one-toed horses and two-toed camels, 
and thus gained long-continuing security 
for their kind. 

What, then, does the future hold for 
mankind? Genus Homo has already ex- 
isted for three or four hundred thousand 
years; the species Homo sapiens has 
about fifty thousand years to its credit. 
If the average applies, we may expect 
nearly or quite a half million years more 
of existence for our kind and then either 


oblivion as we reach the end of a blind 
alley or progressive development into 
some type of descendant better adjusted 
than we to the total environmental fae. 
tors of the time. 


III 

But does the average apply? Must 
man exit from the scene through either 
of the doors, that which closed behind the 
dinosaurs and titanotheres or that which 
opened before the three-toed horses and 
notharctines ? 

Most creatures have gained security 
by specializing in adjustment of struc. 
ture and habit to particular environ- 
mental conditions, whereas man is a 
specialist in adjustability of structures 
and habits to a variety of environments 
No other vertebrate can live as can he 
on Antarctic ice cap, in 
jungle, beneath the surface of the sea, or 
high in the air. 

Furthermore, man is the world’s fore- 
most specialist in transforming environ- 
ments to bring them within the range of 
his powers. Far more efficient than the 
beaver or the mound-building ant, he 
drains the swamp, irrigates the desert, 
tunnels the mountain, bridges the river, 
digs the canal, conditions the air in home, 
factory and office. 

As a matter of fact, adjustability to 
environment is accomplished more by 
controlling surroundings than by modi- 
fying internal organs or essential func- 
tions of the body. When we ascend with 
Major Stevens into the stratosphere, or 
dive with Dr. Beebe 500 fathoms deep off 
Bermuda, or live with Admiral Byrd 
through the long night of Little Amer- 
ica, we take along with us a sample of 
sea-level atmosphere and temperate cli- 
mate which is our real environment in a 
situation otherwise unbearable. Fur- 
lined parkas and tropical linen suits are 
but a medium for ensuring an immediate 
environment as nearly as possible like 
that of middle latitudes when living in 
polar or equatorial surroundings. 

But regardless of interpretation of 
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procedure, the result is clear. Man has 
placed himself in control of external 
conditions to an extent immeasurably 
greater than has any other creature. He 
has practically ‘‘drawn the teeth’’ of 
environment. 

Although we know little of the details, 
it is certain that most of the creatures of 
the past who “‘have had their day and 
ceased to be’’ were forced into extinction 
by changes of one sort or another in their 
environment, changes which came with 
such relative speed that they were unable 
to make adjustment to them in time. 
Man need have no fear on that score. 


IV 


It is, however, immediately apparent 
that man’s conquest of his surroundings 
has resulted from his clever use of things. 
Unless there is a ceaseless flow of cotton, 
flax and wool, of coal, iron and petro- 
leum, of copper, lead and tin, from 
ground to processing plant to consumer, 
he becomes a puny weakling. It is be- 
cause he uses certain resources provided 
by his environment that he is freed from 
slavery to his environment. Are these 
resources adequate to keep him supplied 
with what he needs to maintain indefi- 
nitely the sort of existence to which he 
has accustomed himself? 

There are two fundamental sources of 
the goods and the energy which man uses 
in the grim business of securing the sort 
of living which he apparently desires. 
On the one hand there is the farm and 
the waterfall, on the other there is the 
mine and the quarry. Things which 
grow in the field or forest, and power 
produced by falling water are in the 
category of annual income. Now that 
scientific research has made available the 
limitless quantity of nitrogen in the air 
for use as fertilizer, the resources of the 
plant and animal kingdoms are renew- 
able; we use them, but we need never 
use them up. In startling contrast the 
resources of the mineral kingdom are 
non-renewable; they are in the category 
of accumulated capital. Petroleum and 


coal, copper and iron, lead and vana- 
dium, these and many other prerequisites 
of modern civilization have been accu- 
mulated by nature through hundreds of 
millions of years of geologic activity. 
Thanks to scientific research, man is ex- 
hausting that store of mineral wealth in 
a few hundred, or at most a few thou- 
sand, years. That inescapable fact is at 
rock bottom one of the most fundamental 
causes of economic distress, of war be- 
tween nations and of strife between 
classes. 

Fairly accurate estimates of the world 
stores of many non-renewable resources 
are now available. Take petroleum as 
an illustration. The known available 
reserves of petroleum beneath the surface 
of the United States total at present 
approximately 17 billion barrels.2 Ex- 
perts differ in their guesses as to the 
quantity of petroleum that may be dis- 
covered in the future in areas that have 
not yet been adequately explored with 
the drill or in known fields by discovery 
of deeper reservoirs not yet reached by 
the deepest wells in those fields. There 
are also many varying shades of opti- 
mism and pessimism concerning the pos- 
sibility of increasing materially the per- 
centage of recovery of the oil present in 
a reservoir rock when penetrated by 
drilling operations. Estimates of the 
quantity to be added to our petroleum 
reserves from these two sources range 
from 7 or 8 billion barrels to 15 or 20 
billion. I would incline toward the 
larger figures, considering them as 
maxima that are extremely unlikely to 
be exceeded. On that basis, the present 
store of available petroleum beneath the 
surface of the United States is 25 to 35 
billion barrels. That is only about thirty 
times the annual domestic consumption 
of petroleum in recent years. The aver- 
age annual production of petroleum in 
the United States during the five years 
from 1934 through 1938 was almost one 


2 American Petroleum Institute Quarterly, 9: 
2, 7, 1939. 
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billion, one hundred million barrels,* and 
the 1939 production exceeds one and a 
quarter billion barrels. At the present 
rate of withdrawal, the domestic stores 
of this essential raw material would, 
therefore, be exhausted in less than a 
third of a century. 

Data are not nearly so precise for the 
majority of foreign countries as for the 
United States. It is, however, fairly safe 
to conclude that the world stores of 
petroleum will last only something like 
75 years at the present rate of with- 
drawal. With the possible exception of 
Mexico, no other country has been as 
successful as the United States in the 
attempt to exhaust its petroleum re- 
sources in the shortest possible period of 
time, but rapid progress toward that 
result is now being made in many 
regions. 

Lest we become too pessimistic in re- 
sponse to such unwelcome figures, we 
should promptly note that substitutes 
Gaso- 


for petroleum are already known. 
line, fuel oil and lubricating oil can now 
be manufactured from coal and other 
rocks rich in carbon, by processes of hy- 


drogenation and polymerization. These 
are expensive processes, and their prod- 
ucts can not now compete with the 
products from petroleum even in coun- 
tries far removed, both geographically 
and psychologically, from the more pro- 
ductive oil fields. They will, however, 
come into use more and more in the next 
few decades. 

Enough bituminous and_ sub-bitu- 
minous coal is known to be available 
within the United States to meet the 
present annual demand for coal, plus 
enough to manufacture gasoline and fuel 
oil in sufficient quantity to meet current 
demands for at least two thousand years. 
In addition there is enough oil shale— 


8 Statistics from Minerals Yearbook, pub- 
lished annually by the United States Bureau 
of Mines. 

4K. C. Heald, ‘‘Technology and the Mineral 
Industries,’’ WPA National Research Project, 
Report E-1, pp. 27-31, 1937. 
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a rock rich in carbon but containing 
tle or no oil—to meet present needs fo, 
petroleum products for at least thre: 
four thousand years. 

Although petroleum affords an ex 
lent illustration of the relation of | 
renewable resources to the activities 
man, it is by no means typical of 
items comprising nature’s accumulat 
capital. For nearly all the import 
non-renewable the k 
world stores are thousands of times 
great as the annual world consump 
instead of less than a hundred tin 
But for the few which like petroleun 
not known to be available in such 
quantities, the story is much the sai 
Substitutes are already known, or pot 
tial sources of alternative suppl; 
already at hand, in quantities adequat 
to meet our current needs for at least 
two or three thousand years. There is 
therefore, no prospect of the imminent 
exhaustion of any of the essential raw 
materials, so far as the world as a whole 
is concerned, provided our demands for 
them are not multiplied rapidly in 
future. 

That, of course, raises another ques- 
tion. Will the demand for non-renew- 
able resources increase materially in the 
future and thus hasten their exhaustion! 
Recalling the fact that the human popuv- 
lation of the earth has increased almost 
five-fold in number in the last three hun- 
dred years, we might well be fearful on 
that score. The study of current popv- 
lation trends, however, makes it readily 
apparent that the next few hundred 
years will by no means duplicate that 
record of the past. If present trends 
continue, the all-time maximum popula- 
tion of the United States will be attained 
about the year 1970 and will total little 
more than 150 million souls.° There- 
after, except for possible influx of immi- 
grants from other countries, no further 
increase in numbers is to be expected. 

5 Thompson and Whelpton, National Resources 
Committee, Population Statistics, Vol. 1, ‘‘Na 
tional Data,’’ p. 9, 1937. 
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Accurate figures are available for only 
a few other countries, such as England, 
France and Germany, but there is a 
strong probability that the all-time maxi- 
mum for the ‘‘white’’ races will be 
reached during the last third of the twen- 
tieth century and for the entire popula- 
tion of the earth before the end of the 
twenty-first century. Although the hu- 
man family has doubled its numbers 
since 1860, it is extremely unlikely that 
it will ever reach twice its present num- 
ber of approximately 2 billion. The 
pressure of demand for non-renewable 
resources will not, therefore, become 
acute because of the increase in popula- 
tion in the near future. Mother Earth 
is a very wealthy benefactress, and our 
heritage of physical resources is far 
greater than ordinarily supposed. 

There is, however, another reason why 
current consumption of non-renewable 
resources can not be taken as the basis 
for computing the ‘‘life’’ of such stores 
of basic materials. The demand for au- 
tomobiles, telephones, radios, airplanes, 
zippers, is to-day very unevenly distrib- 
uted. Only a small fraction of the 
human population uses such things in 
any large amount. Other peoples are 
beginning to demand them and will do 
so increasingly as they become ac- 
quainted with the ‘‘benefits of civiliza- 
tion.’’ In a few decades, unless we re- 
turn to savagery, the world demand for 
many non-renewable resources will be 
twice or thrice that of to-day. 

Taking all these things into considera- 
tion, it would appear that world stores 
of needed natural resources are adequate 
to supply a basis for the comfortable 
existence of every human being who is 
likely to dwell anywhere on the face of 
the earth for something like a thousand 
years to come. 

Even so, there may be found here an 
excuse for the policy of ‘‘grabbing while 
the grabbing is good,’’ which motivates 
many individuals and nations at the 
present time. That excuse might, of 
course, be offset by the suggestion that 


there is no need to take thought for a 
morrow a thousand years hence, if we 
have any respect for the ingenuity of 
our remote offspring. There is, however, 
another phase of current trends in hu- 
man history that should not be over- 
looked in this connection. 

One hundred years ago, something like 
80 per cent. of all the things man used 
had their source on farms; most of the 
energy used to do the work of the world 
came from the muscles of living beings 
and from falling water. To-day only 
about 30 per cent. of the things man 
uses come from things that grow; most 
of the energy with which work is done 
comes from petroleum and coal. For a 
century or more, the policy has been to 
use relatively less of the annual income 
and more and more of the stored capital. 

Now comes the change. Automobile 
steering wheels are made from soybeans; 
piano keys from cottage cheese ; innumer- 
able articles fashioned of plastics are 
produced in part from corncobs and 
alfalfa; multitudinous metal and rubber 
substitutes are synthesized from various 
farm crops. Energy is transmitted at 
high voltages for hundreds of miles from 
hydro-electric turbines. A considerable 
portion of the annual budget for research 
is being devoted to progress in the direc- 
tion of using more of the renewable 
resources—man’s annual income, and 
less of the non-renewable resources— 
nature’s stored capital. 

What this new policy will mean is 
readily apparent. With progress along 
such lines, the pressure for political con- 
trol of metalliferous ore deposits, coal 
fields and oil pools is lessened. Much of 
the physical basis for international jeal- 
ousy is removed. At last the intelligence 
of science may make it truly practical to 
beat our ‘‘swords into ploughshares, our 
spears into pruning hooks.’’ 

Again comes the insistent question 
from the pessimistic critic. Is there land 
enough? Is there sufficient fertile soil 
to provide adequate food and in addi- 
tion the plant materials for the ever- 
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expanding chemical industries? And 
again we hear the same reply. Yes, there 
is enough and to spare. J. D. Bernal 
computes from apparently valid data 
that the cultivation of two billion acres 
of land by the methods now in vogue in 
Great Britain would provide an optimum 
food supply for the entire population of 
the earth. ‘‘Two billion acres is less than 
half the present cultivated area of four 
billion, two hundred million acres, itself 
hardly 12 per cent. of the land sur- 
face of the earth.’"* And in this calcu- 
lation no account is taken of the in- 
creased yields that may confidently be 
expected from the continuing research 
of agronomists, plant breeders and ex- 
perts in animal husbandry, not to men- 
tion recent developments in the new 
science of the soil-less growth of plants. 
Evidently, the predictions of Malthus 
notwithstanding, mankind need have no 
fear that increasing populations will 


place an impossible burden upon the 
available sources of food. Human inge- 


nuity, intelligent use of renewable re- 
sources, wise adjustment of structures 
and habits to environmental conditions, 
seem competent to dispel that dread 
shadow. 

But these optimistic conclusions con- 
cerning the relation of man to the non- 
renewable and renewable resources essen- 
tial for comfortable existence are based 
upon world statistics. Obviously, they 
do not apply with equal force to the 
economy of individual nations. No na- 
tion, not even the Soviet Union, Brazil 
or the United States of America, em- 
braces within its political frontiers a 
sufficient variety of geologic structures 
to give it adequate supplies of all the 
various metalliferous ores necessary as 
raw materials for modern industrial 
operations. The United States, for ex- 
ample, must import nickel, tin, antimony, 
chromium and platinum if American 
manufacturers are to use those metals in 
the fabrication of articles essential to 
what we are pleased to call the civilized 


6J. D. Bernal, ‘‘The Social Function of 
Science,’’ p. 347, New York, 1939. 
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way of life.” Likewise, no nation enjoys 
a sufficient variety of climatic conditions 
to permit all kinds of foodstuffs to b 
grown on its farms and fields or gath« 
from its forests, and to allow the grow 
of all the various plants contributing ra) 
materials to industry. The Unit 
States, again the most significant exam. 
ple for us, is forced to import all 
bananas, coffee, tea, camphor, cocon 
flax, jute, quinine, rubber and she! 
consumed in this country, either fro: 
foreign countries or its own over-seas 
possessions.* It is entirely possible that 
within a few decades, substitutes 
domestic origin may be available to take 
the place of many, or even all of suc! 
commodities or that plant breeders and 
agronomists may find a practical way of 
extending the geographical limits of sor 
of the plants whose products are cons 
ered essential so that any nation occupy- 
ing a large fraction of any continent ma 
actually be self-sufficient. But for 
present and probably for a long time t 
come it is evident that every nation is 
dependent upon many other nations for 
the raw materials that it needs for its 
own industrial prosperity. 

Perhaps the most important fact cor 
cerning the life of man to-day is this fact 
of interdependence. No nation, comm: 
nity or individual can gain any lasting 
measure of security without taking that 
fact into consideration. The resources 
that man must utilize, if he wishes to 
escape the fate of his less intelligent rela- 
tives now known only by their fossil 
remains, are unevenly distributed and 
locally concentrated. The techniques of 
discovering and utilizing them are now 
fairly well known, but satisfactory pro- 
cedures for making them and their 
products available to all members of the 
human family are not close at hand. 

The very solution of the physical prob- 
lems which man encounters in his at- 
tempt to maintain his foothold upon the 


7Brooks Emeny, ‘‘The Strategy of Raw 
Materials,’’ p. 26 and chart facing p. 29, New 
York, 1937. 

8 Ibid., pp. 26-37. 
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earth brings him all the more forcefully 
into bruising contact with psychical and 
spiritual problems that must also be 
solved if he is to continue his existence 
on this planet. The critical question for 
the twentieth century is: How can two or 
three billion human beings be satisfac- 
torily organized for the wise use and 
equitable distribution of resources which 
are abundant enough for all but are 
unevenly scattered over the face of the 
earth? Clearly, the future of man de- 
pends upon finding and applying the 
correct answer to that specific but far- 
reaching question. 

Man is not only a specialist in the art 
of coordinated activity, but the trend 
toward organization is recognizable in 
the entire development of cosmic admin- 
istration. Electrons, neutrons and pro- 
tons are organized into atoms, atoms into 
molecules, molecules into compounds; 
some of the compounds prove to be cells, 
and these are organized to form indi- 
vidual plants and animals. Latest of all 
in the history of creative evolution cer- 
tain individuals have been organized into 
societies. Transcending all that has gone 
before is the development of human 
society, obviously the most difficult, but 
at the same time potentially the most 
glorious organization yet attempted. 

Two antagonistic alternatives present 
themselves as possible bases for this 
organization. The issue between the two 
has never before been so clearly drawn 
as itis to-day. The social group, whether 
it be the family, the industrial or com- 
mercial company or the political unit, 
may be organized on the principle of 
regimentation, or it may be developed 
according to democratic principles. Both 
methods are being tried under a variety 
of conditions, and each has something to 
be said in its favor. But both can not 
be equally conducive to the continuing 
existence of mankind. One or the other 
must be selected as the basis for the 
future security of man. 

If regimentation be the choice, then 
the great mass of humankind must be 
trained for obedience—blind, unques- 


tioning, but superbly skilful obedience. 
The educator becomes the intellectual 
and spiritual counterpart of the drill- 
sergeant in the army. This is no menial 
task, nor is its objective a mean one. 
Skill is a commodity of which there is 
never likely to be an oversupply. On the 
other hand, if democracy be the choice, 
the great mass of humankind must be 
trained for wise, self-determined cooper- 
ation. Precisely those qualities of mind 
and heart which have long been extolled 
in Christian doctrine must be developed 
to the fullest possible extent. Not only 
skilfulness but also the ability to govern 
oneself, the eternal prerequisite for free- 
dom, must be developed in each member 
of the group. 

In so far as physical existence is con- 
cerned, there would seem to be little or 
no choice between these alternatives. 
Perhaps, human nature being what it is 
to-day, the regimentation of society may 
temporarily be the more efficient method. 
But the full circle of organic law em- 
braces more than mere existence. From 
the continuity of the evolutionary proc- 
ess, there has emerged a creature who is 
aware of vivid values in life, that may 
be found beyond the goods necessary for 
comfortable existence. Ideas and ideals 
are powerful determining factors in the 
world to-day, and amongst them the 
ideal of freedom for the individual in 
the midst of social restraint is the most 
vital and compelling of all. Though it 
baffle our scientific tools for measure- 
ment, it is none the less a reality. 

It is in the yearning for freedom, the 
love of beauty, the search for truth, the 
recognition of moral law and in the 
awareness of spiritual forces that human 
nature is distinguished from all other 
sorts of nature. Man shares with other 
animals the need for satisfactory econom- 
ics, for adequate food and shelter, for 
the goods essential to existence, but his 
needs transcend these physical factors 
because his nature differs from theirs. 
Probably nine-tenths of all the words 
that have been used since the dawn of 
speech in reference to ‘‘human nature”’ 
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have referred to those elements in the 
nature of man which are shared with 
other animals rather than to those which 
are man’s unique possession. It would 
be far better to concentrate upon the 
latter and thus to distinguish human 
nature from animal nature. 
Regimentation may be good for man 
as an animal; through that type of social 
organization his need for goods may be 
efficiently supplied. But regimentation 
is certainly not good for human nature 
as thus distinguished. Experience veri- 
fies what wisdom foresees ; regimentation 
stultifies the spirit, destroys personality, 
standardizes thought and action. Worst 
of all, regimentation means stagnation 
of the creative process and, as we have 
seen, stagnation among the more com- 
plexly organized vertebrates has led in- 
evitably to extinction. If man attempts 
to live by bread alone, mankind commits 
collective suicide. Apparently the best 
and perhaps the only chance for mankind 
to succeed in the quest for security is 


through progress in the art of living on 


a high spiritual plane rather than 
through exclusive attention to the 
science of existence on a purely physical 
level. 


Vv 


To put this same thought in more 
specific terms, it means that coordinated 
activity directed toward efficient organi- 
zation of individuals must become co- 
operative activity directed toward the 
enrichment of personality within an 
efficiently organized society. This re- 
quires both intelligence and good will. 

Fortunately, these characteristics are 
uniquely developed in the species of 
placental mammal with which we are 
preeminently concerned. Man is a 
specialist in the use of both. The trend 
of the past five thousand years may well 
continue, despite numerous temporary 
setbacks, throughout the next few cen- 
turies at least. 

It is sometimes suggested that because 
man has specialized in brains, brains may 
eause his downfall, just as presumably 
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the overspecialization in external a 
ment contributed to the downfall of 
tain herbivorous dinosaurs. That a: 
ment by analogy is, however, hea, 
punctuated with fallacies. There is as 
yet no evidence that mankind is weigh 
down with a superabundance of inte! 
gence. On the contrary, it is failure 1 
act intelligently that endangers indi, 
uals and groups in the midst of comp: 
tion. To see in advance the remote co. 
sequences of contemplated action is 
ability that ought to be increasing); 
cultivated rather than 
menace. 

There seems to be no good reason why 
a sound mind should not be accompanied 
by a sound body. If the number 
psychopathic individuals is increasing in 
this high-speed, technologie age, it is 
challenge to be met not by bemoaning 
the imminent collapse of civilization but 
by intelligent adjustment of habits and 
activities to the new demands of the new 
times. 

Once the commitment is made to the 
belief that the cooperative way of life 
offers the best chance for the future 
security of man as an inhabitant of the 
earth, the need is greater for intelligence 
to be used as a guide for good will, rather 
than for good will to be applied as a 
brake on any possible increase in intel- 
ligence. 

The roots of self-centered individual- 
ism may be traced backward for at least 
six hundred million years in the record 
of geologic life development, whereas our 
heritage of social consciousness dates 
from a time only about sixty million 
years ago when gregarious instincts be- 
eame clearly evident among placental 
mammals. That trend is, however, espe- 
cially apparent in the group from which 
mankind has stemmed. 

Man is still in the stage of specific 
youth. His ‘‘golden age,’’ if any, is in 
the future rather than in the past. Hu- 
man nature is still sufficiently plastic and 
pliable to permit considerable change, 
notably in this important area of atti- 
tudes and relationships wherein the in 
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erease of good will as a motive for action 
seems most likely to result in beneficial 
adjustments to the new factors in the 
environment. 

In thus seeking a satisfactory coordi- 
nation of intelligence and good will, it 
becomes necessary for research scientists 
to give more thought than has been cus- 
tomary in the past to the social conse- 
quences of their work. They share with 
statesmen, politicians, educators and all 
molders of public opinion the responsi- 
bility for determining the uses to which 
the new tools provided by scientific re- 
search are put. As scientists they should 
continue to seek truth regardless of its 
consequences and to increase human 
efficiency in every possible way, but as 
members of society, as individual repre- 
sentatives of a species seeking future 
security as inhabitants of the earth, they 
must also do their utmost to ensure wise 
use of knowledge and constructive appli- 
cation of energy. 

There is a real difference between the 
so-called ‘‘social sciences’’ and the 
‘“‘natural and physical sciences’’ that has 
an important bearing here. It is not that 
there is anything ‘‘unnatural’’ about the 
social sciences. Man is a part of nature, 
and the study of human society is just 
as truly ‘‘natural science’’ in the real 
sense of the term as any other study. 
The difference arises from the peculiar 
factors and particular functions pertain- 
ing to the cooperative way of life. 
Whereas the scientific use of things may 
be achieved through the efforts of a very 
small minority of the citizens, provided 
with adequate facilities for research, the 
scientific organization of society in a 
democracy can be achieved only when the 
majority of its citizens have the scientific 
attitude toward social problems and act 
in accordance with that attitude of 
mind. In other words, only a few physi- 
cists, chemists and technologists are 
required for the mastery of our physical 
environment, but for victory in the strug- 
gle with ourselves every man must be his 
own sociologist. 


Although this places upon the forces 
of education a Herculean task, it is not 
nearly so impossible an assignment as at 
first glance it might appear to be. In 
the first place, the responsibility upon 
the individual citizen is rarely that of 
designing a new social structure or chart- 
ing a new program for society. Almost 
invariably it is his duty merely to select 
from many plans, programs or proposals 
the one that seems to him most likely to 
produce the most desirable results for all 
concerned. In the second place, scien- 
tific habits of mind have already been 
developed to a greater extent than is 
ordinarily recognized. The garage me 
chanie attacks the problem of a balky 
automobile in a truly scientific manner 
The salesman uses psychology in plan- 
ning his approach to a difficult prospect 
The housewife thinks scientifically when 
about to concoct a new dessert or redeco- 
rate the living room. In most cases, it 
is only necessary to apply in the area of 
social relationships the same habits of 
mind that have been followed in the area 
of individual behavior. 


VI 

In conclusion, the outlook for the 
future of man as an inhabitant of the 
earth is far from pessimistic. If certain 
tendencies already developing are en- 
couraged and certain resources already 
available are capitalized to the full, there 
is good reason to expect that mankind 
will maintain existence and even live 
happily for an indefinitely long period 
of time. The opportunity is his to dem- 
onstrate the intrinsic worth of biologic 
phenomena and thus to justify the vast 
expenditure of time and energy involved 
in organic evolution. With greater em- 
phasis upon the development of intelli- 
gence and good will, he may achieve that 
which the temporarily triumphant dy- 
nasties of the past have failed to achieve. 
Thus the geologist may turn from the 
long perspective of geologic history to the 
enticing vista of the geologic future of 
earth and man with high hope and even 
with confident assurance. 





THE ROLE OF CHANCE IN DISCOVERY’ 


By Dr. W. B. CANNON 


GEORGE HIGGINSON PROFESSOR OF PHYSIOLOGY, HARVARD MEDICAL SCHOOL 


In 1751 Horace Walpole, the English 
statesman and diplomatist, wrote a letter 
to his friend, Horace Mann, in which he 
proposed adding a new word to our 
vocabulary, ‘‘serendipity.’” The word 
has not had large usage. It is not com- 
monly found in dictionaries of the En- 
glish language. When I 
**serendipity’’ to one of my acquaintances 
and asked him if he knew the meaning, he 
suggested that it probably designated a 
mental state combining serenity and 
stupidity! He was mistaken. 

Walpole’s proposal was based upon his 
reading of a fairy tale, entitled ‘‘The 
Three Princes of Serendip.’’ Serendip, 


‘ 


mentioned 


I may interject, was the ancient name of 
Ceylon. ‘‘As their Highnesses traveled,”’ 


so Walpole wrote, ‘‘they were always 
making discoveries, by accident or sagac- 
ity, of things they were not in quest of.’’ 
When the word is mentioned in diction- 
aries, therefore, it is said to designate the 
happy faculty, or luck, of finding unfore- 
seen evidence of one’s ideas, or with sur- 
prise coming upon new objects or rela- 
tions which were not being sought. In 
the progress of man’s adjustment to the 
world in which he lives there have been 
many instances of serendipity. 

Probably the most astounding instance 
of accidental discovery in history was the 
finding of the western hemisphere by 
Columbus. He sailed away from Spain 
firm in the faith that thus he would learn 
a shorter route to the East Indies and, 
quite unexpectedly, he encountered a 
whole new world. It is noteworthy that 
he was not at first aware of the signifi- 
eance of what he had found. Indeed, it 
has been said that he did not know where, 


1An address delivered at a meeting of the 
American Science Teachers Association, Colum- 
bus, Ohio, December 28, 1939. 


in fact, he was going, nor where he \ 
when he arrived, nor where he had | 
after he returned, but nevertheless 
had had one of the most remarkable ex 
periences of all time. The important 
matter is that he did realize that it was 
a remarkable experience and followed it 
by making other voyages and thereby 
extended his knowledge of what he | 
done and laid a course which others 
might follow. Such consequences hay 
been common when accident has be 
favorable to a seeker after new thi 
and the adventure has been fruitful. 

In the records of scientific investigat 
there are many instances of this sort of 
happy use of good fortune. Consider for 
a moment the source and the development 
of our acquaintance with electrical phe- 
nomena. It is reported that some frog 
legs were hanging by a copper wire sus- 
pended from an iron balustrade (note the 
two different metals, copper and iron) in 
the Galvani home in Bologna; they wer 
seen to twitch when they swung in the 
wind and happened to touch the iron 
Whether the twitching was first noted by) 
Luigi Galvani, the anatomist and phys! 
ologist, or by Lucia Galvani, his talented 
wife, is not clear. Certainly the acciden- 
tal occurrence was not neglected, for it 
was the beginning of a long series of 
researches by Galvani into the electri- 
eal manifestations of living tissues—re- 
searches which have preserved Galvani’s 
name in the terms ‘‘galvanize’’ and 
‘*galvanism.’’ And it also led to experi- 
ments by Volta on the production of 
electric currents by contact of two dis- 
similar metals, and thus to the invention 
of the electric battery—experiments s0 
fundamentally important that Volta’s 
name is retained in the daily use of 
‘volt’? and ‘‘voltage’’ in speaking of 


204 





THE ROLE OF CHANCE IN DISCOVERY 


electrical potential. Such was the origin 
of the telegraph and, indirectly, of the 
telephone, radio-broadcasting and the 
promise of practical television. And 
such also was the origin of our knowledge 
of animal electricity which we now use 
to tell the condition of the heart muscle, 
because every heart beat sends forth an 
electrical wave in the body of each of us, 
a wave which has an altered form when 
the heart is injured ; and the animal elec- 
tricity which we are beginning to use to 
learn about conditions in the brain, be- 
eause of the rhythmic electrical pulsa- 
tions which delicate instruments, applied 
to the surface of the scalp, can reveal as 
typical activities of that wonderful organ 
in various conditions of rest and activity, 
health and disease. 

Even in the growth of electrical science 
serendipity has played important roles. 
It was by pure chance that the mysterious 
relation between electricity and magne- 
tism was discovered. The Danish physi- 
cist, Oersted, at the end of a lecture 


happened to bring a wire, which was 
conducting a strong current, to a position 
above and parallel to a poised magnetic 


needle. Previously, and by intent, he 
had held the wire perpendicularly above 
the needle, but nothing happened; now, 
however, when the wire was set horizon- 
tally along the needle’s length, he was 
astonished to note that, without any 
visible connection, the needle swung 
around until it was almost at right angles 
to its former position. With quick in- 
sight he reversed the direction of the cur- 
rent in the wire and found that the needle 
then deviated in the opposite direction. 
Later, when clearly understanding the 
situation, Faraday proved not only that 
an electric current in a wire can move a 
magnet, but also that a moving magnet 
can cause a current to appear in a wire. 
From these trifling and casual incidents 
has gradually evolved our vast modern 
electrical industry—its immense genera- 
tors, its ingenious devices for distributing 
extensively over great areas the power 


905 


innumerable conven- 
light in dark 
places, a cooling breeze on a summer day, 
heat for our 
motor cylinders, the automatic manage- 


which provides 
iences for human service- 
morning toast, sparks in 
ment of complex machines, safety at sea, 
and what not else that is helpful in our 
daily lives. 
and intricate involvement of 
electricity in the affairs of mankind 
throughout the world, Galvani’s frog legs 
may be regarded almost as important as 
the caravels of Columbus. 

In the biological sciences serendipity 
has been quite as fruitful as in the physi- 
May I call your attention 
to some instances. The eminent French 
physiologist, Claude Bernard, had the 
idea that the impulses which pass along 
nerve fibers set up chemical changes 
which produce heat. About the middle 
of the last century he measured the tem- 
perature of a rabbit’s and then 
severed the nerve which delivers impulses 
to that structure, expecting, of course, in 
accordance with his theory, that the ear, 
deprived of nerve impulses, would be 
cooler than its mate on the other side. 
To his great surprise it was considerably 
warmer! Without knowing what he had 
done, he had disconnected the blood ves- 
sels of the ear from the nervous influences 
which normally hold them moderately 
contracted, and thereupon the warm 
biood from internal organs flushed 
through the enlarged vessels in a faster 
flow. Thus by accident appeared the first 
intimation that the passage of blood into 
different parts of the body is under ner- 
vous government—the most significant 
advance in our knowledge of the circula- 
tion since Harvey’s proof, more than 300 
years ago, that the blood does, indeed, 
circulate. 

Another striking instance of accidental 
discovery has been described by the inves- 
tigator himself, Charles Richet. It was 
concerned with that peculiar’ sensitive- 
ness toward certain 
white of egg, strawberries, ragweed pol- 


When we consider the pro- 
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eal sciences. 


ear, 


things—such as 
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len and numerous others—anaphylazis 
or allergy. It commonly results from an 
initial exposure to the substance which 
later becomes poisonous. The phenome- 
non had been noted incidentally before 
Richet’s time, but because it did not 
receive attention it was virtually un- 
known. In his charming little book, ‘‘ Le 
Savant,’’ he has told the story of how, 
quite unexpectedly, he happened upon 
the curious fact. He was testing on a 
laboratory animal an extract of the ten- 
tacles of a sea anemone in order to learn 
the toxic dose. When animals which had 
readily survived that dose were given, 
after a lapse of some time, a much smaller 
dose (as little as one tenth the original), 
he was astounded to find that it was 
promptly fatal. Richet declares that at 
first he had great difficulty in believing 
that the result could be due to anything 
he had done. Indeed, he testifies that it 
was in spite of himself that he discovered 
induced sensitization—that he would 
never have dreamt that it was possible! 

An accident may be the occasion for 
scientific advances because of the serious 
problem which it presents. Let me cite 
a striking example. No one anticipated 
that the polishing of rice would be harm- 
ful. Yet removal of the covering from 
the kernels resulted in tens of thousands 
of victims of the disease, beri-beri, and in 
immeasurable sorrow and distress. As 
Mathews has pointed out, however, the 
study of beri-beri, thus unwittingly in- 
duced, revealed not only the cause of 
that disease but started exploration in the 
whole realm of deficiency diseases as 
well, and drove investigators to the dis- 
covery of some of the most intimate 
secrets of cellular processes. 

A quite recent instance of serendipity 
was the finding of vitamin K, lack of 
which deprives the blood of an essential 
element for its coagulation. Dam and his 
collaborators in Copenhagen were work- 
ing on sterol metabolism in chicks. They 
noted that the animals on the restricted 
diet often exhibited extensive internal 
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hemorrhages, subcutaneous and intra; 


cular. When the diet was chane 
seeds plus salts, the hemorrhages 

to occur. By critical tests the d 
was proved not to be due to lack of 
previously known vitamin, but to lack 

a specific antihemorrhagic agent, 
tained in hog liver fat, certain veget 
and in many cereals. This agent, 
min K, is reported to be an import 
factor in surgery. Patients afflicted y 
obstructive jaundice can be relieved 
an operation, but unfortunately in t! 
condition their blood may clot 
slowly and therefore they are in danger 
of disastrous bleeding. This danger . 
now be readily obviated by feeding vit 
min K (with bile salts), for it resto 
to an effective concentration the deficient 
element of the clotting process—a happ, 
benefit to human beings coming from a 
chance observation on chicks. 

There are many other noteworthy i: 
stances of serendipity which I might 
detail to you; among them Nobel’s inver 
tion of dynamite, Perkin’s stumbling 
upon the coal-tar dyes and Pasteur’s 
finding that a vegetable mold caused th: 
watery solution which nurtured it to 
change the light rays as they passed 
through. Dynamite placed gigantic pow- 
ers in the hands of man; the coal-tar 
dyes have fundamentally affected suc! 
varied activities as warfare, textile in- 
dustries and medical diagnosis, and Pas- 
teur’s casual observation has developed 
into an immense range of chemical theory; 
and research. 

Three legends of accidental intimations 
which led to fresh insight will allow m: 
to introduce the next point which I wish 
to emphasize—the importance of th 
prepared mind. It is said that Archi 
medes had the idea of specific gravity 
suggested to him while noting by chance 
the buoyancy of his body in water. And 
we have all heard the tale that Isaa 
Newton was led to the concept of a uni- 
versal law of gravitational force when he 
saw an apple fall from a tree as he lay 
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musing on the grass in an orchard. Of 
similar character is the report that the 
possibility of the steam engine came to 
the mind of James Watt when he 
beheld the periodic lifting of a tea-pot lid 
by the pressure of the water-vapor within 
the pot. Now, many a man floated in 
water before Archimedes, apples fell 
from trees as long ago as the Garden of 
Eden (exact date uncertain!), and the 
outrush of steam against resistance could 
have been noted since the invention of 
fire. In all three instances a long time 
passed before the significance of the 
event was perceived. Obviously, a 
chance discovery not only involves the 
phenomenon to be observed, but also the 
appreciative and intelligent observer. 

It was in recognition of this fact that 
the wise and discerning dictum of Pas- 
teur is displayed in prominent letters in 
the corridor of the students’ dormitory 
of the Harvard Medical School—‘‘ Dans 
les champs de l’observation le hazard ne 
favorise que les esprits préparés.’’ In 
the fields of observation chance favors 
only the minds which are prepared. 
That expression has important implica- 
tions. 

In the course of our human experience 
no one can tell what new circumstances 
may arise, nor can one predict the 
moment of their arrival. To-morrow op- 
portunities may appear the seizure of 
which or the neglect of which may have 
long-lasting and fateful consequences. 
There is a tide in the affairs of all of us 
which ‘‘taken at its flood leads on to for- 
tune’’-—and not taken may lead on to 
misfortune. In other words, the unex- 
pected is continually happening in our 
lives, much as it happens in the realms 
of exploration and scientific research. 
Chance throws peculiar conditions in our 
way and, if we have alert and acute 
vision, we see their importance and use 
the opportunity which chance provides. 

What are the prerequisites favorable 
for making greatest use of a novel occa- 
sion when it arrives? 


First of all, if we are to benefit by 
such an occasion for securing fresh in- 
sight and enlarging our experiences in 
untried must be well 
equipped with knowledge of the 
Only when we know what has 


directions we 
past. 


™ hes 
aireaday 


been done by others who have gone before 


us can we judge the present scene. The 
word ‘‘research’’ is common!y en pl ved 
to indicate scientific investigation. Why 
is not the word ‘‘search’’ quite as exact? 
The ‘‘re’’ in ‘‘research’’ implies that the 
investigator studies carefully the meth- 
ods and 


results of earlier investigators 
and looks again at the problems which 
they strove to solve, with the advantage 
now of possessing all accumulated pre- 
vious knowledge, ready for the flashing 
of an illuminating idea. That is the 
method of discovery in its most elaborate 
development. We do not need to go to 
such lengths, however, in order to enjoy 
in a mild way the satisfaction of bringing 
to bear, in unanticipated circumstances, 
the stored memories of bygone events. A 
historical reference in speech or litera- 
ture, or a name in a poem, is endowed 
with larger significance if we contribute 
to it rich associations from our own past. 
‘‘In Xanadu did Kubla Khan a stately 
pleasure-dome decree’’ are lines which do 
not demand information in order to ap- 
preciate their musical beauty, but if one 
knows the story of Kubla Khan as the 
poet knew it, and is acquainted with 
oriental magnificence, the words take on 
an enlarged and special meaning. Fur- 
thermore, with the mind prepared there 
is always the favoring possibility of con- 
tinuing enrichment as one grows older. 
One brings to the reading of history and 
literature, to the unpredictable incidents 
of travel, to the flashing moments of con- 
versation, and to the varied adventures 
of the passing years a substantial basis 
on which can be gradually developed 
manifold interests and the happy rela- 
tions of the individual to his fellows and 
to his surroundings. 

In the life of every investigator who 
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has had much experience, occasions of 
happy chance are likely to be found. 
During the past four decades in my own 
labors instances of such good fortune 
have several times occurred. When a 
man has passed his sixtieth year, it is 
said, he may at last be permitted, without 
censure, to engage in reminiscence. Per- 
haps you will be tolerant, therefore, if I 
recount to you an example of serendipity 
that fell to my lot. After all, an investi- 
gator is not taking undue credit to him- 
self when he calls attention to the fact 
that results which he has obtained in his 
researches have depended on a fortuitous 
incident and not on his own intelligence 
and insight! Of course, the case which I 
shall cite is not to be compared with the 
great discoveries of Bernard, Richet and 
-asteur, but it will illustrate equally well 
some of the conditions which prevail 
when chance plays a role in discovery. 
About forty-three years ago, shortly 
after the x-rays were discovered, I was 
using the mysteriously penetrating light 
to look into animals in order to watch 
the little known processes of digestion. 
The churning and mixing of the food 
was clearly visible. Occasionally, how- 
ever, my purposes were wholly checked 
because the motions came to a dead stop. 
That was a great annoyance; it seemed 
very strange, and I was at a loss to ac- 
count for it. But in scientific investiga- 
tions, as in daily living, obstacles may 
yield important values. I soon noticed 
that the cessation of the digestive activi- 
ties was associated with signs of anxiety 
or other emotional disturbance. Could 
it be that I was seeing the harmful effects 
of worry on the organs which serve to 
make the food useful to the body? That 
proved to be true, for when I petted the 
animals reassuringly the churning waves 
promptly started again, and when ex- 
citement was induced the waves promptly 
stopped. There was an instance of seren- 
dipity—a discovery which I was ‘‘not in 
quest of,’’ a disclosure which called for 


the application of ‘‘sagacity,’’ to use 
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Horace Walpole’s expressions. It 
the beginning of many years of resea) 
on the influence of fear and rage on |} 
ily functions—research which ultimat 
led to insight into the agencies of 
organism which maintain the stability 
the extraordinarily unstable mater 
which we are composed and which gi 
freedom to live and carry on our var 
activities untrammeled by external 
or cold, by flight to high altitudes o1 
the internal changes produced by stre: 
ous efforts in which we may engage. 1 
observation of the effects of worry 
digestion also resulted ultimately 
suggestive concept of the nature of « 
tional excitement, and, furthermore, 
the demonstration of a chemical ag 
which acts as an intermediary betw 
nerves and muscles when muscles 
made to contract or relax. 

There is another implication in Pas. 
teur’s dictum that chance favors 
mind that is prepared ; that is the imp 
tance of avoiding rigid adherence to fix 
ideas. It is quite natural for the uni 
structed intelligence to find a comfortal 
security and serenity in a set of conv: 
tional opinions which have been satisfac- 
torily prearranged. The unusual 
promptly dismissed because it is not 
wanted; it does not conform to the pre- 
conceived plan. The possibility of adven- 
tures in ideas is unknown to such be- 
nighted persons. We who live in a world 
which we recognize as not settled, sta- 
tionary and finally immobilized, but as 
presenting all manner of possibilities 0! 
novel and unprecedented combinations 
and readjustments, must keep our minds 
open and recipient, ready for new views 
and fresh advances. We must not dis- 
miss the unusual and the extraordinary 
aspects of experience as unworthy o! 
attention; they may be the little begin- 
nings of trails leading to great unex- 
plored ranges of achievement. In a world 
organization which is in flux, in an 
anxious society groping its way possib)) 
to new forms, shall we blind our eyes! 
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THE ROLE OF CHANCE IN DISCOVERY) 


ereat solutions may arrive unher 


and unless we are prepared t 


kieas on their merits and Judge 


fairly and eritica iv we nav not hy 


ticipants in the momentous decisions, 


instead, wormed and inhappy 
standers 
Regard for learning of the past er- 
» and free discussion of novel sueve 
ns and readiness for cautious expe) 
ting when opportunity offers—these 
res are typieal of the prepared 
d. They are typical, also, of the finest 
itional spirit Indeed, it mav be 
estioned whether a teacher who does 
cherish an unprejudiced respect for 
truth as handed down by our fore 
irs and who is not on the alert for new 
elations In the continuously opening 
stas of truth it may be questioned 
vhether a teacher, lacking these funda 
ental attributes of intellectual integrity, 
~ likely, himself, to develop minds which 
ook out upon the world with perspicacity 
A teacher 


s likely to create students in his own 


md adaptable understanding. 


mage. Alert and thoughtful graduates 
will go forth from a school or college 
vhen alert and thoughtful teachers, en- 
ouraged and fostered in their labors, 
exert their influence within its portals 
Here, I think, is a further implication 
Pasteur’s dictum that chance favors 
the prepare lmind. That is that a school 
r college, by inspiring students with the 
high ideals of the best educational tradi- 
tion, can make them ready to take advan- 
s tage of the fortunate events which, amid 
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NATURALISTS IN THE WILDS OF 
BRITISH COLUMBIA 


III. THE SUMMER AND PREPARATIONS FOR OUR 
SECOND WINTER 


By JOHN F. AND THEODORA C. STANWELL-FLETCHER 


DIMOCK, PENNSYLVANIA 


From late May until the end of July, 
the open banks, meadows and woods were 
real flower gardens. One charming color 
combination succeeded another. Early 
in the season the open hillsides were red 
and yellow with columbines (Aquilegia 
formosa) and yellow daisies (Arnica 
cordifolia and Arnica latifolia) and 
white with saskatoon (Amelanchier 
florida). The dark 
floors of the spruce 
and pine forests were 
covered with carpets 


of white clintonia 
(Clintonia uniflora), 
bunchberry (Cornus 


canadensis) and_ beds 
of delicate pink twin 
flower (Linnaea_ bore- 
alis var. americana). 
Then there were waves 
of blue and _ purple 
lupines (Lupinus sp.) 
and Indian paint- 
brush (Castilleja min- 
ata and Castilleja angustifolia var. 
Bradburyi) in every shade of red, pink 
and orange. The banks in front of our 
cabin were covered with wild roses (Rosa 
acicularis), the meadows and river banks 
with forget-me-nots (Myosotis alpina), 
blue-bells (Mertensia paniculata) and 
more masses of paint brush. In July 
the green meadows became a sea of acres 
of blue larkspur (Delphinium Brownii) 
and monkshood (Aconitum columbi- 
anum). With the fresh green of the 
newly leafed-out poplars and willows, 
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CHILCOTIN VARYING HARE 


the dark vreen of the evergreens 
the mountains still white with 
the world was a gorgeous place. 
And in the midst of all this bk 
came the mosquitoes ; it was the last 
of June. No one who has been in tl! 
north in summer-time needs a deser 
of the insect life. Although the flies 
mosquitoes in the Driftwood River r 
were not nearly si 
as the ones we ha 
perienced in the 
dra and muskeeg 
try, they made 
miserable. It was 
possible to work 
side without head 
and the roar of 
quitoes in sWa 
places or thick wv 
completely drov 
out the song of bir 
near-by bushes 


, 


trees. Our cabin 


dows and doors \ 


well covered with wire screening, but 1 


clouds of mosquitoes on the outside of 1 


screens were so thick that swarms 
into the cabin whenever a door 


opened. By the end of July the worst 


the mosquitoes was over. During Aug 
we had black-flies, but these were 
nearly so bad as the mosquitoes. In 
August and September there were ; 
swarms of yellow-jackets which devou 
every particle of meat that was 
tightly covered. If we wanted a mi: 


mal skeleton cleaned for a museum sp: 
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we had only to put it outside,and by one—trier than ; or s s. 1 

tfall it would be entirely free of Indians said. It was ha believe tl 

t and gristle. a country flooded with water f1 
Che long days were very hot when the tons of melting sm becol S 
ther was clear. Our thermometer dry In July and August fores : 
mn reached 88° or 92° F. in the shade became prevalent. One especially bad 

went up to 120° in the sun. The one at the north end of Takla Lake be 

hts were short and cool, the tempera- working up the Driftwood Valley. One 

e dropping 30° to 50° or more as soon day, clouds of smoke were so dense tl 
as the sun went down in the northwest. we could not see fifty vards across the 
In May and June there were mornings lake. Eves smarted and breathing was 

WEASEL DRAWN FROM LIFE BY AUTHOR 

when the water in our buckets had ice on difficult. We had no means of knowing 
it even when the temperature had been whether the fire was four or forty miles 
90° in the daytime. It was not really away, but we did know that if it reached 


dark until 12:00 at night and we could 
see to read at 10:00 p.m. At 2:00 A.M. 
it began to get light again. 
never did things by halves 
superlatives. The weather never 
temperate and life was full of beautiful 
and miserable things, but 
many hardships the beauty always spoke 
to us most strongly. 

The summer of 1938 was a very dry 


That country 
It spoke in 
was 


in spite of 


the dry pine ridges a few miles south of 
us there would be no hope ot saving our 
cabin, so we promptly prepared to va 


We made a log raft on 
put 


cate which we 


could our valuables and food, and 


had everything packed in duffle-bags and 
roll the 
If the fire came, our 


boxes ready to into lake at a 


moment’s notice 
only hope was out on the water, but even 


then, chances of surviving were small 
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YOUNG COYOTE CAUGHT ALONG DRIFTWOOD RIVER. SEPTEMBER, 


for fires in that country were known to 
jump from one lake shore to the opposite 
shore a mile away, and our lake was only 
about five hundred yards wide. Hot, 
acrid smoke from a forest fire will suffo- 
cate a person quickly, and our lake was 
too cold to allow one to stay in its icy 
depths for more than a few moments. 
There was no sense in traveling north 
and leaving the cabin and our lake, for 
we might have been caught in the forests 
before reaching any large body of water. 
By nightfall there were still no signs of 
fire in our immediate neighborhood 
though the smoke was denser than ever. 
sut in the early morning, at about 4: 00 
A.M., a light drizzle of rain began, later 
turning into a real rain after a few 
hours. The smoke gradually cleared 
away. We learned some weeks afterward 
that the fire was actually twenty-five 
miles from our lake. It took us nearly 
two days to move all our gear back into 
the cabin again and to straighten it out 
once more. 


Early in August we bought ; 
from a white man at Takla. 


i prac 


His 


was ‘‘ Wahoo’’ and he was a huge { 


weighing seventy-five to eight 


y po 


Capable of carrying fifty pounds 


usually packed thirty-five pour 


1ds for 


and with Rex carrying fifteen to twe 


five pounds, longer trips were 


made 


sible. Wahoo had been chained up 


months, and he greatly appre 
freedom he had with us, as w 
companionship of Rex. Both « 
to work—as all dogs do; they 
us everywhere, and were a 


elawjrer 
ell as 
logs 
went 


wonde 


help, even though we were kept 


feeding them. Fresh meat vy 
keep at this season and we we 


to fish hard for long hours nearly e\ 


day to keep ourselves and th 
meat. 
During August we camped 


weeks at the bottom end of Bear L 
One night when two of Charlie’s s 


were camped near-by, we had 
visitor. At bed-time we all 


vould 


re ob 


e dows 


for a 


a cul 


heat 
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A LARGE BUCK CARIBOU, OMINECA MOUNTAINS 
7 strange cry from the woods, and a few _ the edge of the lake, and when we reached 
hours later the dogs suddenly made a_ home we found that apparently another 
creat racket. The Indians came over bear had torn down a meat box from the 
from their camp to tell us about a queer rear wall of the cabin, removed the 
creature which they had distinguished — hinges with a light pat, and gone off wit! 
: dimly in the light of the dying fire em- our last ham and four pounds of cheese 
bers. It was ver\ large, thev said, and A black bear-cub skin. that had beer 
y ‘go soft just like a man on his hands _ tacked to the wall to dry, was fou 
and knees.”” When their trained hunt- yards away 
ing dogs had been let loose, they would A week later, when one of us was g 
not chase this animal in the usual eager through the woods in search of warblers 
manner, and the Indians, ever alert for he came upon a grizzlv bear (Ursus ) 
the uncanny and supernatural, were eating berries. Man and beat re 100 
seared. They built up their fire and feet apart and each saw the other at the 
remained awake the rest of the night. same time. The bear went on feeding 
Judging by this description and the ery and ignored the intruder, who stood st 
} we had heard, we decided that it was and looked for ; mbable tree, hav 
a cougar (Felis concolor). Although no rifle other than a 410 bird gun. Afte 
} cougars were frequently seen and killed a few moments the bear gave ; rritat 
, in the Hazelton district and there were snort and moved ff into the nae 
} reports of one or two at Takla Lake, they growth. 
: had not reached the Bear Lake eountry This section of British Columbia was 
; and were unknown to the Indians there. supposed to be great grizzly-bear coun 
; The next morning a_ black bear try. The bears, both black and grizzly, 


Euarctos americanus) walked by along were most often seen on the open mou 
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tain sides at timber line or above, where 
they holed up for the winter. In late 
April or May they came out and, when 
the fish began to run in the lakes and 
rivers, came down to fish. In August and 
September they also gorged themselves 
on berries. Large numbers of poplars 
all around our cabin were covered with 
bear-claw marks and other signs. On our 
pack trip from Hazelton in August, 1937, 
there was such a strong scent of bears 





kennerlyi). This dwarfed relative 
blueback salmon averaged eight in 
length, and apparently came w 
Driftwood River from Takla Lake ; 
same time every year, according 
ports from the Indians in that vie 
The river teemed and reeked as the 
fish made their way steadily upst 
Thousands of the dead and de 
Kokanee lined the gravel bars and b 
while countless numbers struggled f; 


CAMP ON OMINECA MOUNTAINS. AUGUST, 1939 


like bad cabbage—in all the thickets, that 
we often had difficulty in persuading our 
horses to pass through. Everywhere we 
heard hair-raising tales of grizzlies at- 
tacking and mauling human beings, but 
in each ease it turned out that the bears 
had been first interfered with by man, 
usually wounded, or their young placed 
in danger. 

Late in August an unaccountable odor 
from the river caused us to make an in- 
vestigation. We found the water choked 
with hundreds and thousands of searlet 
spawning Kokanee (Oncorhynchus nerka 


in the shallows. When the salmon first 


appeared, the river water was clear, a 
their red-gold bodies and bright er 
heads, glittering where the sun! 

struck them, were an amazing sight. ‘1 
trout gorged themselves on the small s 
mon and would not show interest in a 
other lure. Then the river was put! 


with the dying fish as they lost th: 


brilliant eoloring and became seca! 
and ragged. 

Tracks along the river banks indicat 
that almost all the animals in the count 
were enjoying a fish diet, and one 
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aught a voung covote (Canis latrans 


She did not appear 
the be 
en our legs as we paddled home. She 
| not vet cut all her teeth and was a 
utiful little thing with huge prick ears 
matched the tan 
ul gray We made a cage 
r her and fed her with milk and cooked 


pup alive 


tus 


Ye vicious, and sat in eanoe 


| golden eves that 
of her fur. 


nish, which she took readily trom a spoon 


put never directly from the hand Afte 
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diately horne 


pounced Ippon and away 
into the depths below some rock or sub 
merged log where the handli I 
twelve-pound fighting trout was haza 
ous and fraught with difficulty Prey 
ously, these same trout had b ! 
paratively sluggish, but there was 
doubt of then nent ip 


September 
It was in September that we discovered 


in the 


stomachs of some of The 





PACK 


HORSES GRAZING ON MOI 


a few days, the weather cleared suf 
ficiently for us to take a series of photo 
We held the little pup in our 
arms and fondled her and she only ocea 
sionally tried to bite. On the fourth day 
She went off a short 
distance and apparently spent the night 


graphs. 


we let her vo free. 


half a mile away from the cabin. 
When nature’s scavengers had cleared 
the 


the 


river banks of the dead Kokanee, and 
river was its natural, clear self again, 
trout They 
were fat and full of fight; the mere sug 
gestion of a spoon or spinner was imme 


the were ravenous indeed. 





NTAIN MEADOW AUGUS 39 
three tawn) emmings Lei 
nolus Two were perrect vood Oo} 
dition, and one was partly digested 
Later we found the remains of or saw the 


live animals in six different types of hab 
tat in the Driftwood Valley 


bow. and 


spl avnun 


deep spruce pine rorest the 


river bank, a rock pile, on the mountain 


sides and on the shores ol Beat Lake 
Judging from this and the fact that we 
had seen no signs of these len mines he 


there must be a 


alwavs found 


decided that 
influx of 
that they 


fore. we 
them Indians 


had 


sudden 
reported 
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summits of 

With the 
help of our dogs, we caught four in our 
that they 
capable of screaming loudly and shock- 
We also caught 
unbaited traps set in runways. At that 


them only on the sides or 
mountains in previous years. 
cliscovered 


hands and were 


ingly. five of them in 


time these lemmings were considered 
rare and much desired by the museum. 
They have since been reported as reach- 
ing plague proportions in two localities 


in British Columbia. 


© 


BEAR LAKE INDIANS WITH SKINS OF BLACK BEAR CUBS. 


In early October, during one week, we 
took from the same trap set in a wide 
mouse runway in a sphagnum bog: one 
tawny lemming, one lemming mouse 
(Synaptomys borealis dalli ), one British 
Columbia red-backed mouse (Clethr'ono- 
mys gapperi saturatus), one meadow 
mouse (Microtus pe nnsylvanicus drum- 
white-footed 


mondi) and one Boreal 


mouse (Peromyscus maniculatus bore- 
alis). 
Once again the fall 


woods came to gladden our surroundings. 


coloring of the 
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The gold of the poplars was like su 
everywhere. And there was that s 
which presaged the long winter ahe 
We madea trip to the top ot the D 
wood Mountains, with the dogs car 
packs and thus permitting us to 
enough food for some days For a 
miles we followed a wide trail, p 


overgrown, which had been mad 
Indians to enable them to drag a 
dug-out canoe, made from a balsan 


lar Populus balsamiftera at the lo 


=~. 
MAY, 1938 


the mountain, to the 
The first part of 
through a tangle of that 
il’s-elub (Fatsia horrida 


progress considerably. 


the actual climb 


which retar 


it was necessary to cut our way thro 
the prickly masses reaching above 
heads. The first night we spent by 
edge of a rushing mountain torrent 


almost impenetrable forest growth. 


noon the next day we reached a le\ 


open place, high 


trickled by a _ few sparse, 


miserable d 


For many ho 





Driftwood Riv 


up, where a stre: 


stunt 
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PACK HORSES ON HAZELTON-BABINE TRAITI AUGUS 








IN GROVE NEAR CABIN. POPLARS SHOWING BEAR MARKS 





NOVEMBER, 1937 





ita 
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MRS. FLETCHER WITH REX AND WAHOO IN FRONT OF CABIN. 
DECEMBER, 1938 


spruces. Here we strung up a light fly- 
tent and made camp. Behind and above 
us the mountain rose almost a thousand 
feet: before, and six thousand feet below 
us, Was a grand view of the entire Drift 
wood Valley where our little lake 
gleamed in the sunlight in company with 
hundreds of others of whose existence we 
had been unaware. The mountains above 
our camp were precipitous on the east 
and steeply rolling to the west. There 
were miles of upland meadows, yellow 
where the burning mountain sun had 
scorched them, and green and full of 
autumn flowers in the hollows where 
there were springs or patches of old 
snow. From these beautiful uplands we 
had panoramic views of great mountain 
ranges and valleys from the south to the 
northwest. On the map this area was 
indicated by a blank space marked ‘‘Un- 
surveyed.’’ These snow and _ glacier- 
covered mountains appeared to be 
higher, by thousands of feet, than any 
of the mountains we had seen previously 


in the country surrounding the Dr 
wood Valley and Bear Lake distr 
Far below to the northwest we could s 
the spot where the Driftwood River 
gan its winding journey to Takla Lak 

Off toward the south and to the nort 
east we saw two huge clouds reac! 
high into the heavens. They were p 
below and blossomed out, as they ros 
higher, into lovely balls of purest whit 
But they were smoke clouds from hu 
forest fires, hundreds of miles awa 
where birds and mammals were suffer 
torture and death because of man’s ea 
lessness or greed. 

While there was much evidence of 1 
cent animal life in the shape of de 
bear and goat tracks on the mounta 
tops, we saw and heard only two ma! 


mots (Marmota caligata oxrytona), a few 


Townsend’s solitaires (Myadestes tov 
sendi), and some ptarmigan, probal 
the rock ptarmigan (Lagopus rupestris 
which flew away over the jagged p. 
4 > ° 4 ry 

cipitous mountain side. The bears we 
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MR. FLETCHER WITH DOGS CARRYING PACKS. DECEMBER, 1938 
obviously in the lowlands ‘‘berry pick the rush and hurry of the so 
ing’’ and most of the summer birds had _ ilized life. Our calendars 
departed. marked off with alarming rapi 
When we reached home again we made’ we reluctantly thought of our 
preparations for the coming winter. The departure in December from this 
cabin walls were carefully rechinked with which was ever more delightful and 
moss, for the old chinking was dry and __ teresting and which we had come to 
shrunken and would let in cold winter upon as home. At night, when we st 
air. Wahoo hauled a sled carrying earth outside our cabin to watch the 
which was piled around the outside walls stars, we had still that never-lost 
of the cabin, and he helped us consider- of isolation and sense of aloneness. Thy 
ably with the woodpile, which was light from the cabin windows was a feebl 
stacked higher and higher. This time we object in the vastness of the wilds around 
were well prepared for winter. us. But in that cabin were contained a 
Our library was rather small and by the things that made life possible 


the end of November, 1938, we had read 
everything at three over. 
Magazines were digested from cover to 


least times 
cover, including the advertisements. In 
this way we read much on subjects in 
which we were not especially interested, 
and decided that we obtained a much 
broader knowledge than we did from the 
wealth of reading material which one has 
barely time to skim through at home in 


In early November we made a hh 

trip to Bear Lake, where we met the pilot 
of the airplane which carried the trader's 
freight. Arrangements were made for 
him to pick us up on December 31st, or 
‘‘as soon thereafter as weather pet 
mitted,”’ 
Tetana, as was 
the ice too for 


He was to take us and the dogs dow 


] 


from a lake thirteen miles fron 


our lake too small an 


unreliable safe land 
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MR. FLETCHER WITH DOGS ON UNNAMED LAKE 


NORTH OF LAKE TETANA, DECEMBER, 1938 





LOOKING OVER DRIFTWOOD VALLEY. SEPTEMBER, 1938 


_— 





























THE WILDS OF 





where 


Lake, 


St. James on Stuart 


would start our first journey into the 
tside world 
On our return trip to Tetana it snowed 


siderably, and after that the tempera 


es were a little lower each day 


len-eves, three of them, were still wit! 
| 


ers 


lip} 


s and our friendly « appeare 


e more, cheerily singing and chasing 


‘h other Bear Lake (} arlie came 


treatment Of a severe axe-cut 


s for 


s leg. and we obtained three ottel skulls 





LOOKING DOWN ON 


canadensis evea Trom one ol 


(Lutra 


Charlie’s sons only after considerable 


persuasion. The boy would not sell these 
skulls and he wanted to be sure that no 
dire results would follow his parting with 


He that 


would be possessed by the spirits ol the 


them. was afraid his mother 


three departed otters and eventually 
become insane 

; Snow came, and more snow The 
“*flour-sifter’’ was working in earnest 
The animal tracks became scarce, and 
finally Christmas came once more. Just 


* BRITISH 


DRIFTWOOD \ 


COL, 


Ss during ti 
vinter, the ‘ 

and Thoose Ww ~ 
able o obtan 

on mined ‘ 
One o Is reac! 
mas. where s “ 
suges bursth 
(Christmas 1); 

For breakfast 
Hakes scram 
powder) and ba 


Fahrenheit, and the 


and danced te , 
biting air. We , 
parcheesi, and in tl 

in a delicious nog 
eges which had been si 
express purpose hes 
which were dipped in a 
and we occasionally go 
and kept them sueccesst 
For supper we had tor 
chowder, corned beef ar 
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MASKED SHREW 
FOUND FROZEN IN LIFE-LIKE POSITION. 
DECEMBER, 19: 


4 


lowed by peaches and whipped evapo- 
rated cream: at eight o’clock we retired 
to bed. 


Throughout the entire vear and a half 


which we spent in the Lake Tetana re- 


gion our health had been perfect. Never 


a sign of a cold or the usual germs that 
keep one half alive during most of the 
seasons in the civilized world. Our only 
bodily ailments were occasional mild cuts 
and muscular exhaustion. As far as we 
knew, the health of the Bear Lake In- 
dians was also excellent unless they went 
out to the nearest post, where they got 
colds, flu, measles or whatever was preva- 
lent. Our comprehensive supply of 
medical stores was practically untouched 
except for the few mild drugs we occa- 
sionally gave the Indians. 





‘ SKINS OF TAWNY LEMMING 
TAKEN NEAR LAKE TETANA. OCTOBER, 1938. 
PHOTO BY IAN MCTAGGART COWAN, 


Before noon on December 29t! 
said good-bye to our cabin and lake 
much feeling, and promised them 
turn as soon as possible. In the a 
noon we reached the lake where the 
We were follow 
the Indian boys who, with dogs a: 


was to pick us up 


boggan, were bringing the six to s 
hundred pounds of duffle, specimens 
from the cabin. We made camp 1 
the shelter of a huge spruce tree 

December 30th, the Indians went 

to Bear Lake and we spent the 
tramping a trail on the lake for the 


of the plane to land on. During 





RED-BACKED MOUSE. NOVEMBER 
1938 


night the weather turned sudden 
milder, snow came, and by morning 
blizzard was sweeping over the lan 
With little success we tried to keep th 
double track on the lake packed dow 
The snow-storm lasted on and off f 
four days, during which time the ter 
perature rose steadily and the weight « 
snow on the lake, coupled with the war 
weather, caused ‘‘flooding’’ in places 
where water was seeping through cracks 
underneath the snow. Approximate! 
four feet of snow fell during the storn 
on top of the three feet already on tl 
level ground. Dry firewood became mot 
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more difficult to find and carry; the 
on the lake had to be kept packed 


n and worst of all our reserve food 
supply was almost gone. But we were 
fident that the plane pilot, whom we 

»w to be a person of resource and wis 

would find us at the first possible 
portunity. Travel was almost impos 
sible over the fresh damp snow into which 
we sank even on snow-shoes It took two 
yurs to make one trip up and down the 
nile-long track on the lake. 

On the evening of January 3rd, the 
snow lessened and the moon appeared ; 
it was almost full and we went out to 
the lake and packed the trail down for 
hours. The next morning was cold and 
clear and our trail was 
hardening. But we sus- 
pected that the plane if 
it came that day would 
stick in the slush below 
the snow. At noon, while 
we were resting from our 
exercises on the lake, we 
heard a droning, and soon 
the plane was circling : 
about picking up our ‘ 








can of beans and a few pilot bis« 
brought out their emergency rat 
They had freshly baked bread, meat and 
vegetables, and various kinds of canned 
foods which looke marvelous to S all 
several davs ol ver\ scanty ration 
Thev had ideas of heavenly dishes su 
as fried potatoes and onions Unfort 
nately, we were obliged to demonst 
that when cooking outside under s 
conditions (the temperature was the 


15° below zero Fahrenheit 


huge fire, only the simplest canned t} 
were practical The pots of food had 
be held over the fire which ha s 
down several feet be w our leve 
whose wet logs shot up clouds of s1 
Moreover: was 
sarv for evel ( 
iT ol th }) s 
tin | was ] 
l sa i gS 
roze nara bye 
Was eatel Wi 
the smoke bliste 
neat I! t a 
. behind while 
= } 
a Turns il The 1) S 


location, which we hadporEeEAL WHITE-FOOTED MOUSE dried wet socks 


marked with a huge cross 

of spruce branches. A few moments 
later we were hurrving along the trail 
where it had landed and stuck in the 
overflow. As we feared, our trail had 
not yet hardened sufficiently. The pilot 
greeted us with a grin and apologized 
for the storm which had held him back; 
then, with the co-pilot and the mechanic 
helping, we cut trees from the shores of 
the lake and jacked up the plane. When 
it was clear and taxied down to our pile 
of baggage, it stopped with a lurch and 
was stuck once more. This time was 
worse than before, and meant hours of 
labor before the plane could be freed 
The afternoon was passing and so we 
were obliged to clear the broad skis and 
wait for the next morning. The men, on 
learning that we were down to our last 


muttered that the next time his wife ba 


In town complamed of washing dishes hi 


could tell her a tl nye or TW 


The airmen set up their si 


set in a snowdrift close to the fire ar 
worked patiently for hours with stiff and 
frozen fingers until they had managed 


to broadcast a message to headq larté 


saving they had found us O.K. and cou 


not get back that night, but hoped 


make it the next day. We in our turn 
were amused at the wavs of the civilized 
world to which we were returning. We 
tl 
the outside for months at a time wit] 


had been completely out of touch w 


no one knowing whether we were aliv 


or dead, and it had seemed quite unin 


portant 


Our dogs, utterly unused to people 


I 
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other than ourselves and a few odd In- 
dians, were astonished at the sudden 
coming of these strangers and the con- 
stant conversation and noise, as we sat 
by the fire below the spruce tree. After 
the airmen had burned a few holes in 
mittens, socks and moccasins from too 
sudden drving, they went to bed Each 
had a warm sleeping robe, and after dig 
ging out a hole in the snow on the other 
side of the tree from us, using snow-shoes 
as shovels, they had gathered spruce 
branches on top of which they put a large 


grizzlvy-bear skin, one of our specimens, 


and the engine cover from the plane. 
During the night the temperature 
dropped to 35° below zero Fahrenheit, 
and in the early morning we found that 
our trail on the lake was solid and 
smooth. The oil from the engine, which 


had been removed the previous ey 
was heated and poured in the e 
two huge blow-lamps underneat 
tarpaulin cover warmed the mac! 
and our gear was loaded into the 
After several hours, while the plan 
were chopped free from the ice 
which they had frozen fast duriy 
night, the engine roared and a fe 
ments later we were climbing up 
the lake, circling toward the sout! 
in a few minutes had passed ove 
little cabin at Tetana. It looked 
like a doll’s house engulfed in a la 
endless mountains and forests, but 
had in our minds a very clear p 
of it which would never cease to ca 
back, from the worries and hurries o 
cities, to the fresh clear air and the 
life of the woods. 











17 
V1 
~. S\ 
| 
‘ si 
KI} 
allz 
iriie 
rm 
ne fi 
the 
rid 
In 
vet he 
What 
ato 
s. ft 
le 
Bui 
hat | 
TIVST ¢ 
SO) 
write! 
SUIT ¢ 
a\ 
thing 


been 
oun 
Th 
portr 
if s 
been 
estlm: 
and vu 


tomer 

















TWENTY-FIVE YEARS’ QUEST OF THE 
WHALE SHARK 


ITS CONSUMMATION IN THE MOUNTED SPECIMEN IN THE 
AMERICAN MUSEUM OF NATURAL HISTORY 


By Dr. E. W. GUDGER 


HONORARY ASSOCIAT IN ICHTHYOLOG 


Wen Alexander had brought under 
s sway the whole known world of his 
vy, he is said to have fallen into a pro- 
nd melancholy because there were no 


Not SO 


more worlds for him to conquer. 


the seientist. As he climbs the mountain 
f knowledge his horizon expands and he 
realizes how much more there is to be 


earned. In this article is given in brief 
form some idea of long years of study of 
one fish, ending in the putting on exhibit 
f the most beautiful mount of it in the 
But, to the student it is clear that 


all investigators of the whale shark to- 


world. 


gether have just seratched the surface 
What exact knowledge do we have of its 
anatomy (of its curious gill-arch appara- 
, of its food, of its habits 
and especially of its method of reprodue- 


tus, for instance 


on 4 
But let take of 
that have been learned since the fish was 


us note some things 
first deseribed in 1828, and particularly 
of that the 
writer has learned in his 25 vears’ 


of the And 
interest learn 


some the things present 
pur- 
it 


some- 


whale shark. then 
the to 


thing of the various and long-drawn-out 


suit 
may reader 


Stages of painstaking work by which 


the crude skin of our whale shark has 
the 
mounted fish now on display. 

The whale shark 
portrayed in Fig. 1, 
that swims the seven seas to-day. 


been transformed into magnificent 


(Rhineodon fypus 

is the largest shark 
It has 
been measured up to a full 45 feet and 


Y. AMER 


AN \ 


~ 


TI 


thans of the deep e whale sharl 
the sperm whale, is especially larg 
ward, having the biggest head and lar 
mouth of any livi animal save s 
the largest whales. In the mouth ca 
of an averave-s specimen (say 
feet long) an average-sized mat 
crouch, as Fig. 2 shows 

Another living shark, Cetorhin 
basking shark, may attain to tl 
of Rhineodon, but eS } 
bulk. The basking shark is con parat 


slender and has asi 


pointed bullet S| ay 


mal-sized moutl 
mal shark po 
the enormous 
eontinues torward 
the wide termina 
these huge shark 
s1ze by the e 
We are ignorant 
but since it left 
teeth. 6 inches 
megalodon—hi 
probably reached 
viant was the er 
the Carcharodon o 
eater 

All sharks, an: 


are, by the 


put down as man-eaters 


lee 


nead 


all head e 


first question asked by those wih 


first time 


seer 


the 


mo 


But for all its size, 


is entirely harmless 


7 
t 


inted 
‘ 


his miant of 


Even when 


wha e 


general public, automat 


And thi 


it ist 


this 


} 
SeCeKS 


estimated up to 60 by a scientific man, by its one enemy—man—it offers 1 
and up to 70 feet by whale fishers accus-  taliatory violence, but merely 
tomed to appraise the leneth of the levia- escape by swimming or by divi 
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. 
Photograph by courtesy of Mr. Charles T. Wil 


FIG. 1. WHALE SHARK ON BEACH. ACAPULCO, SOUTHWEST COAST OF MEX 
THIS IS THE FISH WHOSE MOUNTED SKIN IS NOW ON DISPLAY IN THE HALL OF FISHES 
AMERICAN MUSEUM OF NATURAL HISTORY. 


should a 30-foot specimen thresh out with 
its great tail-fin in 15-foot swings and 
strike a rowboat, it would surely reduce 
this to fragments. As a matter of fact a 
30-foot whale shark is infinitely less vin- 
dictive and dangerous than a 30-inch 
vicious common dogfish. 

Although at Acapulco, southwest coast 
of Mexico, whence our skin came, the 
whale shark is called ‘‘tigre del Mar’’— 
the tiger of the sea—this is because its 
yellowish-white vertical stripes and spots 
resemble those of a tiger (Fig. 1), and 
not because of its disposition. The 
Cubans call it ‘‘pez dama,’’ which may 
be translated as ‘‘checker-board fish’’ in 
allusion to the curious squares on its 
skin, each with a spot in it. But since 
the fish in Cuban waters is, as everywhere 
else, entirely harmless, the Cubans, with 
a better appreciation of its habits, give 
the words ‘‘pez dama’’ another signifi- 
cance—the ‘‘ gentle fish.’’ As a matter of 
fact Rhineodon is the mildest-mannered 
shark that swims the ocean. 

Large sharks require much food, and, 
fossil or recent, they invariably have 
large teeth to cut or rend large prey. The 
exceptions to this rule are Rhineodon, the 


whale shark, and Cetorhinus, the bas 
shark. Both have very small teeth set 
bands, and both feed on very smal] 
mals. In the whale shark, the backwa) 


hooked teeth are arranged in elose-set 


rows to make a band reaching from « 
to corner of the mouth. Such a t 
band is represented in Fig. 3. The tee 
of such a band number about 3,001 
each jaw, but each tooth is only ab 
one eighth of an inch long, as Fig. 4 s! 
in natural size. If one were to put on 
hand on the tooth band of Rhineod 
this would feel like a coarse file—l: 
the derivation of the fish’s name, Rhu 
don; Greek rhine=file, and = od 
(odon) =tooth; the file-toothed fish 
These small teeth indicate the kin 
food on which Rhineodon feeds 
things, since it could not cut nor 
large objects. Not only is it a whalk 


size but in manner of feeding. for it must 


subsist on small fishes, squids, swimn 
crabs, jellyfishes and especially on 

multitudinous very small things that fi 
or swim at the surface of the wat: 
things that the scientist calls plank 
To supply the energy to keep it—a | 

engine—going, the whale shark must t 
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QUEST OF THE WHALE SHARK 


vast amounts of these small objects. 
s it is believed to do by swimming 
ng with its mammoth cave of a mouth 
m. Into this go food and water. The 
ter passes through its curious sieve- 
through the 
five gill-openings on each side of its head ; 


gill-strainers and out 


the food is retained and swallowed. 

The whale shark was discovered, dis- 
sected and briefly described 112 vears ago 
(1828) by Dr. Andrew Smith, surgeon of 
the British troops at Cape Town, South 
Africa. In 1849, he published the full 
account of his findings, and among other 
things he says that ‘‘the inner extremity 
of each branchial canal is obstructed by 
a sieve-like apparatus fringed with 
a delicate membrane offering an obstrue- 
the anything but 
This description fell on my ears, 


tion to passage of 
fluid.’’ 
deaf until four and one half vears ago 
when I examined the gill-apparatus of 
the whale shark which was captured on 
the Long Island coast in August, 1935. 
Now it is clear to me that this gill-appara- 
tus will catch everything but the most 
microscopic plants and animals. Also it 
is understandable why the whale shark 
has such a cavernous mouth-cavity. It 
must take in hogsheads of water to get 
the pints of the minute plants and ani- 
mals on which it This plankton 
passes down a gullet having a caliber of 


feeds. 


about four inches. 

Its great cave of a mouth to the con- 
trary notwithstanding, the whale shark 
is not the fish that swallowed Jonah. 


Early in June, 1912, I went by rail to 
Key West, Florida, on my way to study 
sharks and other fishes at the Marine 
Laboratory of the Carnegie Institution of 
Washington on Key, Dry 
Tortugas, the last far-flung outlier of the 
Great Florida Reef. 

As my train 
Knight’s Key in the darkness, little did 
I know that here two days before there 
had been captured a giant sea animal con- 
cerning which it was written in the stars 


Loggerhead 


over-seas sped across 


ifter C. H. Townsend, 1 
FIG. 2. MOUTH OF A WHALE SHARK 
THIRTY-FIGHT FEET LON IN HE CAVERNO 
MOUTH OF N AD WH SHARK A GROW 
MAN 
study it 


that I had been ‘‘sentenced’’ to 


for the ‘‘ balance of my natural life’’—at 
any rate at this writing for over a quarter 
of a century. 

The 
came down to Tortugas with 


Miami These 


adjectival descriptions of a 


that which 
me, brought 
filled 


great “sea 


next mail, following 


papers were with 


monster’’ taken at Knight’s Key two 


weeks before Since some deseriptions 
called it a whale and since all agreed on 
its great size and its white spots, I (hav- 
ing no more knowledge of the whale shark 
than a child it down as one of the 
smaller whales, called, 


voracious habits, the killer whale, Orca 


put 
because of its 
gladiator. But I was presently to realize 
my error, 
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Late in the following July on my re- 
turn north, I came by boat from Key 
West to Miami, through the Hawk Chan- 
nel inside the Florida Reef, passing en 
route Knight’s Key, henceforward to be 
whale shark annals. At 
Charles 


remembered in 
Miami I 


Thompson, the harpooner of the 


hunted up Captain 
**mon- 
ster’’ and the possessor of the skin. He 
over a long 
wooden under a built to 
receive it on the bank of the Miami River. 


showed me this hanging 


support shed 


This huge skin, 38 feet long and 18 
feet wide (if spread out flat), was the 
most enormous sea thing that I had or 


have ever seen. That I was tremendously) 


excited goes without saying. The skin 





FIG. 3. TOOTH 


THIS CAME FROM THE FIRST WHALI 


had been cut and torn by harpoons and 
bullets and much maltreated by the skin- 
ners, but for all that, it was a wonderful 
thing to behold. The fact that the ani- 
mal had a and 
open gill-slits showed it to be a shark, but 


cartilaginous skeleton 
its great size and the large pale white 
spots, which everywhere covered the skin 
save in the ventral region, led to the ap- 
** What 


The question was worth 


parently unanswerable question 
shark is this?’’ 
answering. It had to be answered. 

In the back of my head was a very 
weak 
that somewhere I had seen the picture of 
a gigantic spotted shark living in the 
Indian Ocean. On the long journey to 


strong recollection in a memory 


my home in western North Carolina, it 
finally came to me that this figure was in 


BAND FROM THE UPPER JAW OF A 


a book on zoology which | had stud 
college many years before. At h¢ 
found the book, ‘‘ Elements of Zoo 
by C. F. and J. B. Holder, and in 
picture. I then identified the great 
and wrote to Captain Thompson t! 
was Rhineodon, the whale shark. 
Dr. C. H. Townsend 
New York 
some preliminary 
then wrote to Dr. Townsend that |] 
seen the skin and that I had a full ae 


(director 
had pub 
notes on this fis} 


Aquarium 





of its capture from Mr. Charles 
Brooks, of Cleveland, who had chart 
Captain Thompson’s boat and who 
the real owner of the skin. Dr. T | 
send then urged me to write up th _, 
book 
wha! 
0 or 
cant 
of F 
near 
fis) 
ifter B. A. Bean, 1 hosp 
RHINEODON 18 FEET LOD to a 
SHARK EVER RECORDED FROM THE WESTERN ATLANTIC Of th 
ORMOND, FLORIDA, 1902. mv 1 
ture in full, and suggested that as b oo 
ground for this I write the natural 
tory of the fish to date. This was d UI 
and when the completed MS. was subi te 
ted to him, he generously offered to p flesh 
lish the paper in Zoologica, the scienti! blun 
journal of the New York Zoolog ania 
Society. Is = 
The paper appeared in March, 191 wity 
It was widely distributed (Dr. Towns: Lon 
wrote me that the edition was 3,0) and 
copies), and it surely put the wi othe 
shark ‘‘on the map.’’ Incidentally that 
happily, it started me on a series aa 
studies on this shark not yet enti pars 
ended. mem 
But this is not Dr. Townsend’s « nea 
connection with my whale shark studies had 
Some years after I came to New Y 4 rl 
an 
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when I was in the full swing of study 
writing on the Dr. 
vnsend found in the archives of the 


whale shark, 
iarium and brought to me the original 
wing the Holders’ 
And incidentally it may be of interest 
note that Dr. J. B. Holder had for- 
rly resided at Fort Jefferson, Tortu- 
eas, and that at the time his book ap- 
neared (1884) he was curator of zoology 


made for book 


n the American Museum. The drawing 
referred to has again disappeared, but 
the figure, because of its historical sig- 
nificance and because it led to my recog- 
nition of the whale shark and helped start 
me on its study, is reproduced from the 
book as Fig. 5 herein. 

Since the capture of the Knight’s Key 
whale shark in 1912, I have missed three 
other Florida specimens and the chances 
of getting a skin. In 1919, the first eall 
came, but as editor of the ‘‘ Bibliography 
of Fishes’’ I was chained to it and. work- 
ing against time, I could not go, but it 
nearly broke my heart. In 1923, another 
fish was taken, but I was just out of the 
hospital and it would have been suicidal 
In 1932, 


the great fish had been cast away. 


too late 
But 
my turn and the fish and its skin were al] 


to go. the word came 


to come to me later. 


On Friday, August 9, 
great day—I saw a whale shark in the 
flesh. On that day, a 31.5-foot specimen 
blundered into a pound net off Fire 
Island Light on the south shore of Lone 
Island, within 50 miles of New York’s 
City Hall. It was brought in to Islip, 
Long Island, and I was called out to see 
and identify it. I went and saw, but all 
other sharks—even up to 12} feet long 
that I had ever seen and handled before 
were hardly more than minnows in com- 
My excite- 


1935, came my 


parison with this colossus. 
ment was great; I was unable to adjust 
my mind to realize how huge it was. I 
had no standard of comparison. 

The story of the capture of this levia- 
than of the deep has been told elsewher« 


Since the Am« 
a skin, we 
skin of the F 
secured by Mi 


mounted, and 


mace 


been 
his private 
Island. 


| have said 


muse 


shark skin, and 
Townsend indirect 
its coming to 
picture of a Rh 


puleo, southwest 


been sent to him at 
the query ‘What 
the letter and pict 


ng correspondence 

a skin from this 
And, at the 

Fire Island fis] 

for mounting had _ be 
this Rhineodon 
tured at Acapulco, | 
to the museum, a 

T. Wilson (head 
the fis] 


how 


tured 
sisted On SCLICLII 
cost of the sk 
has been told 
interesting to 
point where that 


Photograph, American 

FIG. 
THIS IS 
RHINEODON TAKEN 


Muses 


of Nat fo 
4. TEETH OF A WHALE SHARK 


TOOTH 
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FIG. 5. A WHALE SHARK 


ifter ¢ F. and J. B. Holder, 188 


FROM THE INDIAN OCEAN, 


THIS SHOWS THE RELATIVE SIZE OF A WHALE SHARK ABOUT 70 FEET LONG COMPARED WITH M 


NORMAL 


The skin was unpacked and scrubbed 
clean. Next it was stretched out flat and 
photographed to show the relative posi- 
tion of the various fins and particularly 
of the spots and bars (Fig. 6). Then it 
was ‘‘fleshed’’—.e., all the pieces of 
flesh adherent to the inner side were 
scraped off. Finally the skin was placed 
in a vat of tan-bark extract, where it 
remained for 8 months until it was thor- 
oughly tanned. Thus prepared, it will 
last almost forever. 

The task of mounting the 18-foot skin 
was turned over to one of our skilled men 
in the department of preparation. First 
he constructed a rough manikin of wood 
and chicken wire to hold his modelling 
clay. Then, beginning in November, 
1935, on this rough manikin he modeled 
in clay the body of the shark, ‘‘trying 
on’’ the skin scores of times, and pa- 
tiently seulpturing this clay model until 
it and the skin fitted each other fairly 
well. During this time his work was con- 
stantly studied and eriticized by the 
writer and the other members of the 
department of fishes. When all adjust- 
ments had been made to the satisfaction 
of every one, a plaster mold—divided 
into two halves right and left—-was made 
of this model. Next in each half mold 
there was built a half-manikin out of 
burlap, papier-maché and chicken wire. 


HEIGHT. 


This was braced on the inside by a wor 
framework. The two halves of the mo 
were then united, the seams covered wit! 
burlap and papier-maché and the wl 
shellacked. Thus was created an imp 
ishable base on which to place the ski 
The manikin was next set up on 
stand, and then with papier-maché a: 
plaster this was painstakingly modeled 
into the final form. Along with this went 
innumerable fittings of the skin. Thus 
the manikin was sculptured to its fina 
perfected form. And now there co 
fronted the preparator a new problem 
which had to be solved before the fina 
adjustment of the skin was made. The 
fibers in a shark’s skin seem to run in 
almost all directions. This makes shark 
leather the strongest in the world, but it 
certainly added to the preparator’s per- 
plexities, for our tanned shark hide was 


covered everywhere with a multitude ot 


These by 


puckerings and wrinkles. 


patient stretchings and rubbings were 


finally got out of the skin—and, at long 


last, the final stage, that of restoring thie 


normal color to the skin, confronted us. 


In the process of tanning and of the 


long-continued manipulation of the wet 
skin in fitting it and the clay model 

each other, the original color had fade 
out and the spots and vertical bars ha 
disappeared. Now was realized the soun 
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QUEST OF THE WHALE SHARK 


ment shown in having a photograph sharks, had glided alongside of them d 
of this skin (Fig. 6). This gave by day. These observers were called 
e relative position and sizes of spots as referees and gave us first-hand info 
bars. But what was the normal mation of the color of the living swin 
md color of the fish and what the ming fish With their help the fin 
e of spots and bars? I had seen the putting on of color was done and the fi 
Island fish, but not until at least 8 coated with a dull-finish varnish to 
rs after it had been captured. The tect the skin from air and dust 
rs then, after exposure to sun, air and It may interest » reader whe 
ving. were not the normal life colors. ibout such matters, vet some 
rthermore, I had been too excited at the time it took om ed preparato 
hat time to note accurately the colora-  transmute the ski own in Fig. 6 
of that fish. the magnificent mount shown in F 
Resort was next had to the published This, it will be seen, is somewhat prop 
descriptions. But practically all these tionate to the time it took me to g 
had been made from fish dead for hours whale shark skin for him to work on 
The best judgment of everybody was then This task, from start to finish, 
‘oncentrated on the problem, and sample for an infinitude of careful, slow, minute 
experimental colorings were made on study and work, which began in Noven 
heavy drawing paper draped over the _ ber, 1935, and ended in November, 1936 


fish—and no one was satisfied. But just practically a year of hard work. What 


ere good fortune came to our help. Dr. was the cost in dollars and cents I w 
William Beebe, Mr. John Tee-Van and not set down. Suffice it to say th: 

Miss Jocelyn Crane had a short time pre- expenditure in money may be judg 
viously returned from an expedition of the expenditure in time. Such we 

the New York Zoological Society to the not be hurried nor skimped if one wishes 
waters around Cape San Lucas at the tip a real ‘‘job.”’ 

of the peninsula of Lower California. And now for compariso1 

Here they had seen dozens of whale a brief census of other 1 


ifte I W. Gudae 
FIG. 6. SKIN OF THE ACAPULCO WHALE SHARK. 


THIS SKIN, MOUNTED AND WITH SPOTS AND BARS RESTORED, IS SHOWN 
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Photograph by Thane Bierwert, American Museum of Natural Histé 
FIG. 7. THE MOUNTED SKIN OF THE WHALE SHARK IN THE AMERICAN MUSI 
DR. JAMES L. CLARK, DIRECTOR OF THE DEPARTMENT OF PREPARATION, AND MR, I DWIG FEI 
WHO MOUNTED THE SKIN, ARE RESTORING THE MARKINGS OBLITERATED WHEN THE SKIN WAS 


sharks as a background for this completed 
product. 

There are six mounted whale shark 
skins in the world’s museums to-day. In 
the Muséum d’Histoire Naturelle at 
Paris is the mounted skin (1860) of the 
specimen (the first ever described) taken 
in Table Bay, in 1828. In the British 
Museum is a Ceylonese skin mounted in 
1890. The Colombo, Ceylon, Museum 
has a skin mounted in 1889. Another 
(dated 1894) is in the nearby Madras 
Museum. In the Philippines (prolific 
home of Rhineodon) a mounted skin in 
the University of San Tomas has gone to 


pieces. And so have commercially 
mounted and displayed skins in Japan 


(1901), Miami, Florida (1913), and Cuba 


(1930). It should be noted that no 
these skins was tanned. 

All the museum mounts above list 
are from 70 to 42 years old. There ; 
besides our fish in the American Mus: 
two modernly mounted specimens 
skin collected at Acapulco in 1931 
mounted under the direction of Dr. Ei: 
Lonnberg (1933) and is on display in 1 
Riksmuseum at Upsala, Sweden. Thi 
as noted, the skin of the Fire Island fis 
is mounted and is in Mr. W. K. Vand 
bilt’s museum at Northport, L. I. T 
skin was not tanned—I can not say ab 
the Upsala one. Both skins are far bett 
mounted than any of the old skins, | 
both fish are shown straight and lack t 
grace and beauty of our specimen. 
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QUEST OF THE WHALE SHARK 


here are three painted casts or the largest mo 
lels to be noted. <A cast of 13 feet 7 Fishes 
hes was at last report in the Trevan- troubled to find a 
im Museum at Trevancore, India. be adequately displa 
m there is our six-foot plaster mode! This then was t 
the specimen taken at Marathon in the 29 years’ work 
wida Keys in 1923. This has been pre- correspondence 
ted to the College of the City of New fish around the 
‘ork in memory of Dr. Bashford Dean. oceans and in 
And lastly there is a 35-foot model re- study of the 
ently completed in the British Museum flung correspond 
nder the watchful eve of Mr. J. RR. tained which have 
Norman. about 25 faunal rec 
of Rhineodon ii 
The great day came at last—December previously unreportes 
4, 1936. The mounted fish was done to tional specimens 
the last minute detail. Mr. Charles T. been previously kno 
Wilson, who generously gave us the skin One would think 
and paid for its mounting, came up to great size and eye 
see what we had done with his gift. With the most extraord 
him came the Mexican Consul General Shark), this fish would be 
and other Mexican friends from Acapulco many times reported 
where the fish was captured. We re- fine-combing of tl 
ceived them in the hal! in the Roosevelt ! have been able, 
Memorial Building in which the great fish 19995," to find record 
was temporarily installed. The coverings sharks captured 
ery in Table Bay, 
107 vears before 


were removed, and this magnificent 
mount shone forth in all its beauty. That 
these terms are not exaggerated, let the 
reader judge by reference to Fig. 7 show- 
ing the great shark in ‘‘head-on’’-lateral 
view. 


thus amassed, I | 
extensive article 
Distribution of 
lished in the Proceed 
cal Society of Lond 
To this the interested 
Along with the 


data has gone the 


By referring to the sizes of whale 
sharks mentioned in the first section of 
this article, it will be seen that our 
mounted fish is a young and small speci- "ae 
men. It measures 17 feet 10 inches over C°llection of whale 
curves, but, mounted curved as it is, 14 
feet 5 inches between perpendiculars. 
The mouth is 2 feet 10 inches wide, the 
width over curve of head between eves 
is 3 feet 6 inches, the girth just in front 
of the pectoral fins is 9 feet 3 inches, 
and the spread of these fins 7 feet 
inches. The spread of the caudal fin is 
7 feet, 6 inches—18 inches greater than 
the height of a tall man. Yet small as 
is this whale shark, it is far larger than 


the world. There ; 
these In fact. I have 


? 
i 
whale shark photograp! 


which I have ever been abl: 

But none of these, nor all of the 
me the thrill that I experience 
gaze upon our mounted fisl 
product of a 25 years’ quest 


1 Sines 





SOME GEOGRAPHIC ASPECTS OF THE 
MANUFACTURE OF MEZCAL 


By Dr. RAYMOND E. CRIST 


DEPARTMENT OF GEOLOGY AND GEOGRAPHY, UNIVERSITY OF ILLINOIS 


A TRIP to Mexico is a journey to a 
world entirely different from our own. 
Not only is the traveler transported to a 
region inhabited by people of another 
race, but he suddenly finds himself in 
another time in the history of the world; 
and that time is comparable in many 
respects to the late Middle Ages, when 
the guilds flourished. In the Mexico of 
to-day household activity is very great; 
master craftsmen of both sexes make 
rugs, pottery, sandals, mats, baskets, em- 
broidered goods, ete., and these goods are 
transported on foot long distances from 
the place of manufacture to the market. 

In those parts of Mexico where the 
maguey (agave) plant thrives either the 
pulque or mezeal industry is well devel- 
oped—the former particularly in the 
more densely populated regions. Pulque 
is the fermented juice of the maguey, 
whereas mezcal, the distilled liquor from 
the same plant, is made in primitive estab- 
lishments in many parts of the country. 


FIG. 1. MAGUEY PLANTS 
FROM WHICH MEZCAL IS DISTILLED. 


There are a few modern factories, 1 
sure, but for the most part mezeal is 
duced in small establishments whic] 
outgrowths of household industries. 


The long broad leaves of the magyu 


plant (Fig. 1) contain longitudinal fil 
known as sisal. In Yueatan there 
great plantations of agave plants f 
which is produced on a large scale 


sisal or henequen of commerce, most 
which goes to the United States. Her 
it is familiar to us in the form of sma 


ropes or binder twine. However, on 
Central Plateau of Mexico and in 


various dry valleys, most of the sisa 


used locally to make ropes, mats, sandals 
But the stocks which rema 


bags, ete. 
after the leaves are cut away are 
wasted. 
to the mezcal factory. Here they 

slowly roasted in the open courtyard 
a pile of heated stones (Fig. 2). 0: 
roasted the stocks are crushed under 


huge stone roller, which is pulled arow 


FIG. 2. PILE OF STONES 


WHICH ARE HEATED AND ON WHICH THE MAGU! 


STOCKS ARE ROASTED. 


They are carefully transport: 


a 


| 
i 





F 


and al 


placed 
ferme 


place 


THE MANUFACTURE OF MEZCAL 


FIG. 3. HUGE STONE ROLLER FOR CRUSHING ROASTED MAGI 


and around by a patient ox or mule (Fig of brownish liquik 


3 Thus the thick stocks are reduced 
to a pulp, and then the entire mass is 
placed in large wooden vats and left to 
ferment. After fermentation has taken six liters of mezca 


place about fifteen gallons of the mixture 


which SMeLIS Il 


placed in a big 
One hour’s boiline 


VV } +} 


nha worm 


EMPTYING AND FLUSHING THE COPPER KETTLE USED AS A STILL 


FIG. 4. 
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FIG. 5. FIBROUS MATERIAL AFTER BEING RUN THROUGH THE STILL. 


of cold water. Then the kettle is emptied 
(Fig. 4). 


thrown in the yard; the fibrous pulp is 


The juice is dipped off and 


carried out to a huge pile away from the 
building, where it is allowed to rot (Fig. 
5). When the kettle has been emptied, 
it is thoroughly flushed out with fresh 
water, and then another batch is added 
and the process is repeated. 

Even to the casual observer it is ap- 


parent that one of the big problems of the 
drier areas in Mexico is that of obtaining 
A mezeal factory which was 
visited in 1938 was confronted with this 


firewood. 


same problem. All sorts of material were 
used for firewood: dried maguey leaves, 
gnarled stumps of small shrubs, reeds, ete. 

It is not always feasible to visit a 
mezeal factory. The product is subject 
to a government tax. 
to avoid paying the tax, work at the fac- 
tory is often carried on withoat the 
knowledge of the local inspector. At 
such times the owner is very wary of let- 


However, in order 


ting any one visit the premises unless he 
knows him well. 


The mezeal industry is a kind of 
grown household industry—there 
even a little shrine in one corner of 
building. But such household indust 
are legion in Mexico and have n 
possible a kind of local or regional si 
sufficiency—at a rather low standard 
living, to be sure. The introduction 
modern system of transportation is in | 
process of breaking up this local self-s 
ciency, but it is to be hoped that 
process will be so gradual that the pres 
ent economy will not be completely d 
rupted before it can be supplanted 
the economic set-up of the future 
that is intra- as well as inter-natio1 
Otherwise thousands of artisans who no) 
have a feeling that they ‘‘belong’’ will 
longer be able to dispose of the products 
of their hands, yet will not be able to fit 
into the new system. They will thus j 
the urban unemployed and increase soc 
unrest. May the industrial and politica 
leaders of Mexico keep their eyes on 1 
past as well as on the future as they for 
ulate current policies for their nation. 
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EXPLORING THE CHEMICAL CAUSES 
OF CANCER 


By Dr. GRAY H. TWOMBLY 


MEMORIAI 


a cold winter’s day, the 
middle of January, 1756. The place, the 
ereat city of London, a vast multitude 


(OUR scene 


of small houses topped by innumerable 


The food people of the 


city are keeping themselves warm by 


chimney pots. 


much Seotch wool on their backs, or by 
alternately toasting themselves front and 
back at 
chunks of soft coal. 


open grates in which burn 
The smoke adds to 
the gray fog and piles up its black dis 
tillate of soot in the flues. 

Down the street in Southwark comes 
riding a rather elegant little man in a 
Suddenly 


a bustle in the narrow street: the horse 


plum-colored coat. a shout: 
rears and bolts and the little man lies in 


the gutter with his ankle twisted and 


deformed, the bone protruding through 
the skin on the inner side A crowd 
gathers and some offer to help him up, 
while others go for a coach 

But is this? He 


looks at his own ankle, refuses the prof- 


what sort of man 
fered help, calls after those who would 
get him a coach to stop, and insists on 
lying quite still on the cold pavement, 
while a man goes al! the way to West 
minster, some two or three miles away, 
sedan-chair 
carriers to come with their poles When 
they return they find he has bargained 


to summon the two nearest 


with one of the neighbors and has bought 
This is taken from 
and the poles nailed to its edges 


its hinges 
The 


who is 


a door. 


door is laid alongside the man 
placed on it without disturbing the in- 
jured foot. and so he is carried through 
Southwark over London Bridge to his 
own fine house near Saint Paul’s. 

By his amazing presence of mind and 


cold-blooded self-control this man 


HOSPITAL FOR CANCER 


has 


AND ALLIED DISEASES, 


saved the protruding bone and 

jured tissue from contamination 1 
dirt of the street or of the interi 
No tetanu 


wal to the 


jostling publie coach 
have found their 
And at the advice of 
Mr. Nourse, the lee 
heals by first intention 
The 
Pott, Bartholomew’s 
Hospital He was 43 vears old 
though he had been o 


his old pre« 


IS not amputat 


was Mr. Pereci 


at Saint 


injured man 


surgeon 


geons at the 
seven vears, he 
brief case report 
result of his broke 
idleness, he beva) 
and so commenced 
writings whicl 
injuries of the he 
lacrimal cyst, the 
tumors of the testicl 
spine, hernia and 
fistula in ano, poly 
forth. The kind 


which he sustain 


horse is known to this day as Pott 


His des ! pt on of 


the spine with its abscess form 


ture tube 


struction of the bone and spinal defor 
itv and paralysis, is a medical classi 

has united his name eternally to 
malady, Pott’s disease of the spine 


His 


which is truly surprising when one « 


writings have a modern 
siders the time in which he lived——bef« 


the microscope, before asepsis, before 
when the learned still talked 
bled 
purged their patients to their detriment 


He himself belonged to the Company of 


anesthesia 


of the humors and routinely and 
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PERCIVAL POTT, ESQ. 


ENGRAVED BY HEATH FROM A PICTURE OF SIR JOSHUA REYNOLDS. 


Barber Surgeons, disbanded in 1845. In 
a preface to one of his works he says, 


Diseases have, it is true, in general, a sort of 
regularity and order, a series of causes and 
events, by which they are known and distin 
guished; yet we do now and then meet with 
such odd irregularities, such strange and un 
usual consequences, as puzzle and alarm even 
the soundest judgment, and the longest experi 
ence; and unless these be noted, the history of 
distempers will be imperfect. 

From writers of systems and institutes (of 
surgery at least), such kind of knowledge is not 
to be expected. They are most frequently mere 
compilers, and do little more than copy each 
other. The information which they convey is 
at best but superficial, and more calculated to 
enable men to talk, than either to judge or to 
act. It must be from a careful attention to the 
eases of individuals, and from an observation 


of diseases, in their irregular and infreg 
forms, as well as their more customary ones 
true and extensive judgment can be acq 
In the next paragraph he says t! 
careful recording of the phenomena 
disease ‘‘might perhaps lessen our fait 
in general doctrines and theories, but 
would render us more attentive to facts 


and thereby furnish us with a much more 


useful kind of knowledge.’’ 

Percival Pott died in 1788, at the ag: 
of 75, of pneumonia which he probab); 
caught because he insisted on making 
round of calls on his patients on a w 
ter’s day when he was already sick w 
acold. He served Saint Bartholomew's 
Hospital ‘‘man and boy,”’ as he used | 
say, for over 50 years. 
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KATSUSABURO 


In 1775 this careful observer wrote a 
description of a ‘‘disease peculiar to a 
certain set of people, which,’’ as he says, 
‘has not, at least to my knowledge, been 
publiely noticed ; 1 mean chimney-sweep 
er’s cancer. 

It is a disease which always makes its first 
attack on, and its first appearance in, the in 
ferior part of the scrotum, where it produces 
a superficial, painful, ragged, ill-looking sore, 
with hard and rising edges; the trade call it 
soot-wart. I under the age of 
puberty, which is, I suppose, on 


never saw it 


reason why it 


YAMAGIWA 


is generally 


. 
for venereal 


s therel soon 


The fate of 


hard: in their 


quently treated 
starved with e 
up narrow, and 


they are bruised 


and when they 


liable to a me 


d senst 


The disease, 


its origin from 


of the serotun 
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RICHARD VON VOLKMANN 
AS SURGEON-IN-CHIEF IN THE GERMAN ARMY DUR 
ING THE WAR OF 1870-1871. 


This observation of Pott’s forms the 
basis for our present knowledge of the 
possibility of producing cancer with pure 
chemicals and this in turn bids fair to 
provide the key, or one of the keys, with 
which we may unlock, perhaps, the secret 
of cancer formation, prevention and 
cure, in the future. 
nating one and apparently is only in its 


The story is a fasci- 
early chapters. It would certainly en- 
thrall Pott, for it is a story of observation 
and not of theory. 

Pott’s discovery was one which could 
have been made easily only in England 
where, as was mentioned to start with, 


the common form of heating for ho) .es } 


soft lignite coal burned in an ope! 

Chimney-sweep’s cancer does not 

or, at least, occurs with the utmost 

in America. At the Memorial H 

in New York, where more than 3,00 
cases of cancer are seen every vea 
only eases related to this disease a 
true chimney-sweep’s cancer at a 
have occurred in workers in oil refiy 
gas works, coke plants, ete., and 
then there are only nine cases 01 
Pott’s observation was passed 
‘writers of systems and institut 
surgery who do little more than 
each other,’’ as he says, for a hw 
years. 

Had one journeyed to the Cit 
Halle in Saxony in 1875 and gone 
University Surgical Clinic, one 
without doubt, a ma 
medium height but with a comma) 
personality who sported a most in 
sive set of Dundreary whiskers and 


have seen, 


was soon to become, through his ext 
sive surgical observations and writ 
one of the most prominent surgeons 
Europe. His name was Richard 
Volkmann and he was the chief o! 
surgical clinie and one of the first 
to successfully use the antiseptic met 
in Germany. His writings include 
only contributions to orthopedic surge! 
the description of an improved met! 
of removing the rectum for cancer, 
to operate on cysts of the liver and « 
ations for tuberculous joints, but a 
lightful book of fairy stories whic! 
first wrote as letters to his children w! 
he was waiting wearily with the Ger 
Army outside the gates of Paris for 
surrender in the wintery siege of 187 


1871. This man was also a keen obse1 


like Pott and wrote of what he saw rat! 


than what people had said in the p 
He described three cases of cancer of 
scrotum occurring in men engaged in | 
manufacture of paraffin from lig 
He went into great detail 
chronie dermatitis which these wor 


over 
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THE CHEMICAL CAUSES OF CANCER 


showed after a short time in the factory. 
Although the irritation of the skin was 
widespread, the tumors appeared usu- 
ally, strange to say, on the scrotum only. 
Volkmann called attention to the simi- 
larity of this affliction with the cases 
deseribed by Pott. His observations 
suggested the presence of a chemical 
or chemicals in coal-tar as a cause of can- 
cer rather than the mere irritation from 
dirt and grime which might have ac- 
counted for the cases in chimney-sweeps. 

Our tale having started in England, 
then gone to Germany, now jumps to 
Japan where, at the beginning of the 
twentieth century, the bright young men 
were looking with admiring eyes at the 
culture of the West and many were com- 
ing for study with the great scientific 
leaders in Germany. One of these was 
a man called Katsusaburo Yamagiwa. 
He was born in 1863 and studied medi- 
eine at the Tokyo Imperial University, 
where he graduated in 1888. In 1891, 
when at the age of 28, he had just be- 
come assistant professor of pathology, 
the Japanese Government sent him to 
Germany to study under the great Rob- 
ert Koch, the discoverer of the tubercle 
bacillus. However, when he arrived, he 
found there a man he disliked and dis- 
agreed with, Dr. Kitasato. This led him 
to desert Dr. Koch and work instead 
under the direction of the great Rudolph 
Virchow, the ‘‘ father of pathology’’; and 
so was laid the way for the discovery 
which has made the name Yamagiwa 
known and remembered all the world 
around. Virchow believed cancer to be 
due to chronic irritation. Following out 
the idea of his teacher, Yamagiwa, as 
professor of pathology in Tokyo in 1913, 
set one of his graduate students, Ichi- 
kawa, to the problem of trying to pro- 
duce cancer, first with scarlet red and 
then with tar. How odd the ways of 
Dame Fortune! In 1899 Hanau had 
painted animals with tar for long periods 
of time without producing cancer but he 
had used rats and the skin of the rat, as 


241 


we know now, is very resistant to cancer 
production by tar, though the reason is 
still obscure. 1894 had done 
the same with the dog. Haga in 1913 
used the right animal but did not have 
patience to continue the treatment long 


Cazin in 


enough ; and so it was left for these two 
undiscourageable Japanese to make the 
great that long-continued 
painting of the ears of rabbits with tar 


disce very 


would ultimately result in cancer, and 
this fact they published in 1915. For 
the first time it was possible to produce 
cancer of the skin at will with a chemical 
agent. It after that 
mice were even more susceptible than 


was shown soon 
rabbits. 

Yamagiwa was a simple man, whose 
only diversion outside his laboratory was 
He was afflicted most 
He was 


writing poetry. 
of his life with tuberculosis. 
always poor in money but rich in the 
love and respect of his students, so that 
when he retired from active teaching 
they banded together and bought him a 
house, the only one he had ever owned 
He died in 1930. 

An austere, intellectual, 
English surgeon, a German Geheimrat 
who wrote children’s fairy tales, and an 


successful 


impecunious, patient, conscientious Jap- 


anese who wrote poetry—they pass be- 
fore us a strangely assorted trio, but all 
three united by their thirst for truth and 
their unswerving reliance on observation 
rather than theory. 

Our interest turns now from the indi 
vidualities of the the 
fascinating development of the problem 
itself, partly because we are too near the 


investigators to 


subsequent discoveries to see the men 
who made them in their right perspective 
and partly because the number of men 
concerned great. These discov- 
eries form an intriguing tale in them- 
selves, a tale hardly begun and rich with 


is too 


future possibilities. 

The greatest strides next to be made 
were the products of a group of workers 
led originally by Archibald Leitch at the 
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Royal Cancer Hospital and now by 
Ernest L. Kennaway since Leitch’s death 
in 1931. Their goal was the discovery 
of which one of the multitude of chemi- 
cal compounds in coal-tar was respon- 
sible for cancer formation. Kennaway 
made an important step in this direction 
when he found, in 1925, that acetylene, 
HC = CH, heated to 700° C. yields a 
eancer-producing tar. This material 
obviously must be made up of carbon and 
hydrogen—that is, must be a hydro- 
earbon, thus eliminating the other ele- 
ments and suggesting that the active 
material is composed of benzene rings 
hitched together in some fashion. 

Leitch and Kennaway had collected 
many different types of cancer-produc- 
ing agents, some made by distillation at 
varying temperatures from various types 
of coal-tar and paraffin oils, and even 
from human skin and muscle, and others 
synthesized from acetylene and isoprene. 
W. V. Mayneord, the physicist at the 
same institution, pointed out that many 
showed a characteristic fluorescent spec- 
trum with bands at 4,000, 4,180, and 
4400 Angstrom units and this was 
further elaborated by Dr. Izrael Hieger, 
who examined 750 such substances with 
his spectroscope. The use of the spectro- 
scope in the search was truly a long 
jump along the road of discovery. The 
supposition that these bands were related 
to cancer production was a large one but 
to the person who thinks of the magni- 
tude of the problem the laboratory had 
set for itself, to pick out of the million 
possibilities the one chemical combina- 
tion in coal-tar able to cause cancer, the 
proof that this guess was correct tells of 
the saving of years of work. MHieger 
noticed that 1:2 benzanthracene showed 
the same bands as the known cancer-pro- 
ducing agents, though itself inactive, ex- 
cept that their absolute position in the 
wave-length scale did not correspond 
exactly. He drew the conclusion that 
increasing the mass of the benzanthra- 
cene molecule might shift the bands in 





the right direction. A method of mak. 
ing 1:2:5:6 dibenzanthracene had just 
been published by a German chemis: 
E. Clar, entirely apart from any thoug)) 
of cancer research. On Hieger’s assum); 
tion Dr. J. W. Cook synthesized this ; 
terial and it was tested in mice ; 
shown to be strongly cancer-producing 
when applied in a solution of benzene 
Tumors so produced were exhibited a: 
the meeting of the British Medical Asso. 
ciation in July, 1931, by Dr. Cook. Bur. 
rows, Hieger, and Kennaway inject: 
the same substance, dissolved in lard 
subeutaneously into rats and mice, | 
ing that it might produce cancer of the 
bladder. They found that it failed 1 
do what they had hoped but it did pr 
duce sarcomas, cancers of connectiv: 
tissue, in 31 out of 93 mice, and in 15 of 
67 rats. These observations were pul 
lished in January, 1932. 

What do we mean when we speak « 
1:2:5:6 dibenzanthracene? As al! who 
have studied organic chemistry remem- 
ber, benzene is C,H, and the structure 
is thought to be a hexagonal arrange- 
ment of the carbon atoms, each attached 
to two others and to one hydrogen atom, 
the fourth valence bond of the carbon 
atom being represented as a double bond 
between every other pair, thus 


4 
Hie tt 


A 


Actually the fourth bond may be across 
the ring. Conventionally the carbon 
atoms and hydrogen atoms are not writ- 
ten, the formula being expressed merel) 
by a hexagon 


Naphthalene is C,H, and is written 
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Anthracene is C,,H,> and is written 


The benzene rings in this case are in a 

straight line. If they are not in a 
straight line, one has the compound 
called phenanthrene 


“We 


To simplify the nomenclature, the posi- 
tions of the carbon atoms in anthracene 
are numbered thus 


9 ' 

7 2 

r 3 
5 10 4 


It is easy to see what 1:2 


0:6 dibenzan- 
thracene must be, the name obviously 
meaning that two additional benzene 
rings are added to anthracene in the 1:2 
and 5:6 positions 


It was this compound which was first 
shown by the London group to be a pure 
hydrocarbon having, to a fairly high de- 
gree, the ability to produce cancer. 


NCER 


Strange to say, this substance does not 
occur in coal-tar and is not the substance 
causing cancer in chimney-sweeps or tar- 
know. It was dis- 
reasoning what 
yroducing fractions 


than by 


workers so far as we 
covered by 
known about cancer-] 
in coal-tar rather 
from these fractions 
It was only a year before Cook, Hewett 
and Hieger had found another related 
substance, this one very much more po- 
tent in cancer-producing power and oc- 
curring in the ecancer-producing frac 
tions of coal-tar. Hieger 
grams of it from two tons of 
pitch. It is known as 3 
and is considered to be |} 


from was 


extraction 


isolated 50 
vas works 
:4 benzpyrene 


Vv rene 


4 

3 

with a benzene ring in the 3:4 position 
thus 


that 


Notice. 
considered to be 1:2 benzanthracene 


however, it also may be 


with a benzene ring in the 9 position. 
This substance has been known to pro- 
duce cancer in the skin of 
little as 30 days. A tumor has occurred 
in a rat 25 days after subcutaneous in- 
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jection. It has produced cancer in the 
mouse in doses as small as 0.4 mg. 

In 1934 a third substance, methylchol- 
anthrene, synthesized simultaneously by 
Wieland and Dane (in 1933) and by 
Fieser at Harvard, was found by Cook 
and Haslewood to be even more powerful 
as a cancer producer than 3:4 benzpy- 
rene. This compound is of great interest 
from the theoretical point of view as will 
appear when its structure is explained. 
It consists of the 1:2 benzanthracene 
nucleus (see last diagram) to which is 
added a methyl group at position 6 and 
a cyclopenteno (five-membered) ring at 
position 5 and 10, thus 





Now the two principal acids occurring 
in bile are cholic acid 


a te Cc 


2 


on 


On 


and desoxycholic acid 


— 
c 


The original synthesis of methylcholan- 
threne was done by four simple chemical 
transformations from desoxycholiec acid. 


Later Fieser and Newman at Harvard re. 
ported a similar series of transforma. 
tions from cholic acid. This immediate}, 
suggests that cancer arises in human be. 
ings as a result of similar reactions tak. 
ing place in the body, changing choles. 
terol or one of its derivatives, the bile 
acids, into a cancer-producing substance. 
such as methylcholanthrene which jp 
turn produces the cancer. This hypothe. 
sis was particularly attractive since 
many of the substances, known as sterols, 
which are of great importance in the body 
have chemical structures which suggest 
the above diagrams. For instance, tl, 
female sex hormone from the ovary, 
oestradiol, may be written 


and the male hormone, androsterone, so 
OH 





The hormone from the corpus luteum, 
another important hormone called pro- 
gesterone, is 


The adrenal hormone is not agreed upon 
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but Marker suggests that its formula is 


Oo 


cuon OS: 


ss 
c 


Similar formulae represent related hor- 
mones, such as oestrone and oestriol, two 
other female sex hormones, and testos- 
terone, a male hormone. Vitamin D is 
derived from ergosterol and it in turn 
has the characteristic grouping. 


The same is true of alkaloids of the 
digitalis and saponin groups, substances 
having very marked physiological ac- 
tions. 

However, it is one thing to point out 
superficial structural resemblances of 
these substances and quite another to say 
that transformations of one into another 
take place in the body, even though in the 
test tube one can make methylcholan- 
threne from the bile acids. Can or does 
such a thing occur in the body? Our evi- 
dence must be very indirect in lieu of 
more studies not yet made, although al- 
ready begun, on the changes undergone 
by both carcinogenic chemicals at one end 
and hormones at the other. What sort of 
evidence do we have? 

First, it is interesting that benzpyrene 
will give the same hormonal effects as 
the female sex hormone, that is, it will 
produce the state known as heat or 
oestrus in the castrated female mouse or 
rat; the female will accept the male 
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though she will not do so if she is cas- 
trated and untreated or even if she is 
normal unless she is in heat. This same 
effect is produced by another carcino- 
genic hydrocarbon, 5: 6 eyclopenteno 1: 2 
benzanthracene. However, the signifi- 
eance of these observations is greatly 
diminished when we find that 
very large doses of the cancer-producing 
hydrocarbon to much 
larger than needed to yield cancer, and 
this property is shared by many sub- 
stances quite unrelated chemically to 


it takes 


cause oestrus, 


either the sex hormones or the cancer- 
producing substances. 

Another approach to the problem has 
been made by the successful production 
of cancer with the hormones. Neverthe- 
less the conclusions we reach from this 
line of attack must be very guarded as 
will be seen. 

The story goes back to some work of 
Leo Loeb, who first showed that if one 
started with a pure-bred race of mice, in 
which a large proportion of the females 
developed cancer of the breast if they 
lived long enough, and castrated the 
females before they were three months 
old, very few would subsequently de- 
velop cancer. The corollary of this was 
provided by the work of Murray, who 
transplanted ovaries into young castrated 
male mice of high cancer strains and so 
produced cancer of the breast in a few of 
these animals when they old. 
Lacassagne, working on these observa- 


grew 


tions, injected female sex hormones into 
male mice from high cancer strains, and 
by starting when the animals were 10 
days old and giving the largest possible 
doses he was able to produce a high pro- 
portion of breast tumors in the surviving 
animals. These male mice almost never 
develop breast cancer spontaneously. 
But notice that this experiment will 
only succeed in animals in which the fe- 
males show breast cancer spontaneously, 
only in animals injected with the largest 
possible doses from a very early age, and 
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that the cancer occurs in the breast and 
not at the site of application of the 
hormone. The female sex hormones have 
the ability to produce marked develop- 
ment of the breast tissues and it is yet 
to be proved that these cancers occur 
directly as a result of the action of the 
hormone. Perhaps the hormone merely 
develops the male mouse’s breast to such 
an extent that it becomes like the 
female’s, a fertile soil, so to speak, for 
some other agent to work on and cause 
the cancer. 

Lacassagne, the Yale workers, and 
MacEwen all report occasional cancers 
of the connective tissue or fat at the site 
of hormone injections, suggesting a direct 
cancer-producing action of the hormones. 
However, these always have been injected 
repeatedly in an oil solution and it is 
well known that the injection of oil alone 
in rats and mice, repeated often enough, 
will cause an occasional cancer. 

So far we know very little about the 
changes taking place chemically in the 
female sex hormones after injection into 
the body. For the most part they are 
acted upon very quickly ; only a fraction 
of the material injected can be recovered 
in recognizable form. As yet we do not 
know enough to say that they are ever 
changed in the body to resemble any of 
the known cancer-producing substances. 

It is well to say here, parenthetically, 
that the danger of causing cancer in 
women with these materials used as medi- 
cines is yet to be demonstrated. Cancers 
in animals are only produced when the 
drugs are used in the largest concentra- 
tions possible without killing the animal, 
in repeated injections from early in life 
to the death of the animal and do not suc- 
ceed if started in adult animals. No 
authentic cases are recorded in women. 
Occasionally one hears of a woman de- 
veloping cancer of the breast or uterus 
after intensive hormone treatment but 
closer investigation usually shows any 
connection between the two to be quite 
unprovable. Either the cancer was prob- 


ably present before the injections were 
given or the dose was too small to cop. 
taneous development of the tumor wit) 
the injections was coincidental. Those 
who have given the largest amounts tp 
the greatest number of cases all seem ty 
agree that in their experience they have 
seen no cancer developing from the 
therapeutic use of hormones. 

We come now to a brilliant piece of 
research attempting to answer the same 
question, t.e. whether cancer production 
and the naturally occurring sterols are 
related. The chemical syntheses were 
carried out by Fieser and his coworkers 
while M. J. Shear did the animal ex. 
perimentation. You will have noticed 
that all the sterols mentioned above had 
a phenanthrene nucleus 


to which was added a cyclopenteno, or 
five-membered ring. 


If this ring, which occurs in so many 
biologically active substances, were 
shown to be of importance in cancer pro- 
duction it would link the latter more 
closely to the sterols in the body. To 
answer this question Fieser prepared a 
series of substances which were tested by 
Shear for their cancer-producing quality. 
The formula of methylcholanthrene, you 
remember, is 
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CH 


Fieser first made cholanthrene which is 
similar but lacks the methyl (CH,;) 
group. Removal of this group was found 
to affect the cancer-producing property 
of the substance very little. Next he split 
the five-membered ring, making 5:10 
dimethyl 1: 2 benzanthracene. 


Clty 


Here he had gotten rid of the ring but 
found that he had retained the cancer- 
producing potency. Finally he made 
both 5 methyl 1: 2 benzanthracene 


CHy 


CH, 


and 10 methyl 1: 2 benzanthracene. 
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Of these, the 5 methyl compound was 
weakly cancer-producing while the 10 
methyl compound was almost as potent 
as methylcholanthrene itself. And so he 
had proved that methylcholanthrene is 
a strong cancer-producing agent, not be- 
cause it has a five-membered ring and is 
related to the naturally occurring bile 
acids, hormones and vitamin D, but be- 
cause it is a 1:2 benzanthracene with a 
substitution group in the 10 position. 
This demonstration weakens, though it 
does not abolish, the theory that cancer 
arises in the body from the formation of a 
cancer-producing compound by the 
faulty metabolism of one of the sterols 

The subsequent course of this research 
both by Fieser and Shear and by the 
London group has led to the synthesis 
and testing of all of the possible mono- 
methy! substitution products of 1: 2 ben- 
zanthracene. It has been found that only 
the 10, 9, 5, 6 and possibly 7, compounds 
are cancer-producing and in that order 
of potency, 10 methyl 1:2 benzanthra- 
cene being the strongest. Remember that 
benzpyrene may be considered a 9 sub- 
stituted 1:2 benzanthracene. This last 
year, 9:10 dimethyl benzanthracene has 
been made and has been found, as one 
would expect, to be the most potent sub- 
stance so far obtained in giving cancers 
of the skin in mice, although, strangely, 
it does not cause connective tissue tumors. 


CH, 


Cc Hy 
It would be wearisome and perhaps 
meaningless to describe or even list all 
the substances related to 1: 2 benzanthra- 
cene or phenanthrene which have been 
found to be cancerigenic. Suffice it to 
say that in a recent review, Fieser lists 49 
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which have been reported as giving tum- 
ors, at least by one worker. How many 
of these will stand the test of time and 
how many are really cases of tumor 
caused by the oil in which they were 
injected is hard to say. At any rate they 
merely add, for the most part, a long 
series of pure chemicals as causes of can- 
cer formation to the list of other stimuli 
which we have known from clinical and 
laboratory observation to be cancer pro- 
ducers. One point which should be 
brought out in passing is that perhaps the 
reason the chimney-sweep’s cancer and 
the tumors Volkmann described in tar- 
workers only occurred on the scrotum is 
that most of these materials are fat-solu- 
ble and not water-soluble. In the skin 
of the scrotum are very abundant 
sebaceous glands often containing a 
large amount of fatty material in 
which the cancer-producing hydrocar- 
bons could readily dissolve and be kept 
in contact with the tissues for long 
periods of time. 

We turn now to a number of hydro- 
carbons which are most interesting be- 
cause they produce tumors not at the site 
of their entrance into the body but in 
some distant organ or tissue. They are 
related to the substances of which we 
have been speaking in that they are all 
derivatives of coal-tar but otherwise they 
are structurally quite different. The sim- 
plest of these is beta-naphthylamine long 


WH, 


suspected as the cause of tumors of the 
bladders in anilin dye workers and finally 
used successfully in the production of 
such tumors in dogs by Hueper, Wiley, 
and Wolfe in 1938. The drug was given 
subcutaneously or by mouth. The tumors 
were in the bladder. 

In 1935 Sasaki and Yoshida, two Jap- 
anese workers, injected O-aminoazoto- 


luene under the skin of mice and obtained 


On. 
CHWs CH, 


thereby tumors of the liver. Similar 
tumors were produced by Kinosita jp 
1937 with P-dimethylaminoazobenzene. 
a substance known as ‘“‘butter-yellow’’ 
and used commercially as a dye for ¢o)- 


N—N NGH), 


oring oleomargerine or other vegetable 
fat substitutes for butter. A related com. 
pound 2:3’ Azotoluene causes cancer of 
the bladder (Otsuka and Nagao, 1936) 


N=—N 


Cus CH 


3:4:5:6 Dibenzecarbazole produces not 
only cancer of the skin at the site of ap- 
plication but also tumors of the liver ac- 
cording to Boyland and Brues (1937 


So we see that chemical agents can bring 
about the formation of tumors at a dis- 
tance as well as at the site of application 
and in this group will be included the 
hormones, if some day they are proved 
to be themselves truly carcinogenic. 

It is all very well to list the various 
Ways one can produce cancer and it is 
very nice to be able to make cancers with 
some pure chemical, the name of which 
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most people cannot remember or pro- 
nounce, but neither procedure answers 
the great questions of why and how these 
substances work. Are we any nearer to 
the secret of unrestrained growth or the 
prevention or cure of cancer, or have 
we merely listed a new set of indus- 
trial hazards related to coal-tar? Here 
we are truly in a practically unexplored 
field. A few tentative lines of research 
have been thrown out but so far they do 
not lead a great way. Haddow, for in- 
stance, finds that all of these potent hy- 
drocarbons are inhibitors of cell growth. 
One can stunt a young animal perma- 
nently by injecting it with methylcholan- 
threne. Often the cancer-producing 
chemical can be told from one which does 
not produce cancer before either is 
actually tried out by seeing what effect 
it has on the weight curve of young grow- 
ing rats. So marked is this growth in- 
hibiting effect, in fact, that these hydro- 
carbons have been used to treat locally 
clinical cancer in man, with a modicum of 
success. It slows up the local growth. 

Haddow points out that if one keeps 
certain bacteria of the typhoid group un- 
der unfavorable conditions (by keeping 
them growing a long time on the same 
culture media) some will suddenly 
change and become able to utilize types 
of sugars in the media which they pre- 
viously were not able to use as food. He 
draws an analogy between this and can- 
eer production. The cells in contact 
with the cancer-producing hydrocarbon 
are not killed by it but some of their life 
processes (perhaps some of the enzymes 
connected with cell respiration) are in- 
terfered with. The cell fails to grow 
and has difficulty in surviving until sud- 
denly it mutates or changes in some un- 
known way and becomes able to use as 
food, tissue juices or blood plasma which 
previously it could not. Such a change 
would result, possibly, in unrestrained 
cellular proliferation, the process we call 
cancer. 

Fieser has attacked the question from 
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the purely chemical side and points out 
that while the potent cancer-producing 
compounds related to benzanthracene are 
rather inert chemically, they can be at- 
tacked and oxidized by lead tetra-acetate 
and can be diazotized and both of these 
reactions take place at the positions on 
the benzanthracene nucleus which are of 
the greatest importance in making potent 
compounds, the 10 and 9 positions. He 
believes cancer-producing potency to be 
related to some peculiar chemical reac- 
tivity greatest at these points. 

Boyland and Levi, and more recently 
Rhoads and Dobriner, have tried to find 
out what becomes of 1: 2:5: 6 dibenzan- 
thracene in the body and have discovered 
that animals which differ in their suscep- 
tibility to this substance differ in the way 
they metabolize and excrete it. The rab- 
bit, though tumors of the skin were first 
produced in it, is very resistant to the 
action of any of the cancer-producing 
hydrocarbons when they are injected 
under the skin. Only one paper has re- 
ported the successful induction of such 
tumors and even then only in a few ani- 
mals. Is this resistance related to the 
fact that the break-down products of 
dibenzanthracene in the rabbit are en- 
tirely different from those in the rat or 
mouse ? 

Nakahara, using ‘‘butter-yellow’’ in 
rats, says that those fed a large amount 
of liver or yeast fail to get the cancers of 
the liver which appear in the control 
animals. Does the cancer-producing ac- 
tion have something to do with vitamins, 
especially the B complex which occurs in 
abundance in liver or does it inhibit liver 
cell destruction and the consequent re- 
generation which goes over into cancer? 
Pure vitamin B does not have this pro- 
tective action. Possibly a very fertile 
field would seem to lie ahead of the per- 
son looking for the effects of various 
vitamin-deficient diets on cancer produc- 
tion with hydrocarbons. It is almost 
unexplored. 

At the last meeting of the American 
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Association for Cancer Research, G. H. 
A. Clowes reported some very interesting 
experiments in which small additions of 
benzpyrene and methylcholanthrene pro- 
duced marked changes in the physical 
characteristics of monomolecular films of 
cholesterol and ergosterol, suggesting 
that these substances act by altering the 
nature of the cell membranes where lipids 
play such an important role. 

Where will the search lead us? Here is 
the chemical. How is it changed in the 
body? What does it do to the cell? How 
is it related to the virus of fowl tumors, 
if at all? A thousand questions arise. 
How tantalizing to see the changes tak- 
ing place in the animals’ cells right under 
our eyes as we gaze through the micro- 
scope and not to be able to say how or 
why ! 

It seems necessary to offer an apology 
for such a cursory survey of so vast a 
field. We have described only a few of 
the important points and have undoubt- 
edly failed to mention many discoveries 
of the utmost value. 

It often seems to me that cancer re- 
search can be likened to the exploration 
of some vast unknown island such as New 
Guinea. We can sail around it and land 
on any side to try to make our way into 
its inner fastnesses. The easiest lanes 
into its interior are like rivers leading 
up toward the mountains of promise. 
Pott, Volkmann, and Yamagiwa were the 
bold explorers who first charted the 
mouth of one of the rivers. Others have 
sailed up it many miles, and we have just 
been with them to the head of naviga- 
tion and seen some of the tributaries up 
which men are forcing their way, know- 


ing not whither they lead. We have sai 


nothing of the other great rivers, such as 
the genetic attack, the virus approach, 
the stream of pure physical research, or 


that of endocrinology, though we have 
taken a brief peek over the watershed 
into that valley. Ofttimes the men try. 
ing to beat their way inland from tha: 
hard and rockbound coast called clinica! 
research, characterized by its difficulty 
but perhaps by its closeness to the fina] 
secrets, wonder whether those on the 
other side of the island, sailing the rivers 
are really exploring the same island or 
heading for the same goal. ‘*‘ What has 
tar to do with the cause and cure of can- 
cer in my pat.ents?’’ exclaims one. (Or 
‘‘How can rats and mice or fruit flies 
mean anything to me?”’ says another. 

Some explorers go off into the wilder- 
ness alone and return with strange and 
fascinating tales, often true but hardly 
believable until seen by others. Many 
such tales are no more than mirages or 
the figments of vivid imaginations told 
to the admiring public and, as Pott put 
it, ‘‘more calculated to enable men to 
talk than either to judge or to act.”’ 

The quest is vast and alluring. 
Streams asking to be explored lead away 
on all sides. One must try to pick the 
largest and most navigable if one is to do 
more than become lost in the dense 
jungle. The quest is exciting and moves 
rapidly. Treasure may lie anywhere. 
One wishes for six heads to hold all the 
knowledge he needs, a hundred hands, 
the best equipment, and 48 hours in a 
day. When will the goal be reached or 
will it ever? Who knows? But how 
exciting to go and try! 
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THE SPACE IN WHICH WE LIVE 


By Dr. PAUL R. HEYL 


NATIONAL BUREAU OF STANDARDS, WASHINGTON, D. C. 


Our ideas of the space in which we 
live have undergone a development or 
evolution in common with our ideas of 
all the other wonders in nature round 
about us. Primitive man’s attempts to 
explain natural phenomena were animis- 
tic, often anthropomorphic. Each tree 
was inhabited by a spirit or tree-nymph, 
ealled a dryad; the electrical properties 
of amber were due likewise to an in- 
dwelling spirit who could be roused to 
action by the rough treatment of fric- 
tion; Roger Bacon, the greatest scientific 
mind of the thirteenth century, still held 
to the ancient belief that the heavenly 
bodies were carried about by angels. 
Such primitive scientific theories had the 
advantage of being readily understood by 


everybody, which is more than can be 


said of their modern successors. Scien- 
tifie theories have followed Spencer’s 
formula in their evolution, proceeding 
“from the homogeneous to the hetero- 
geneous,’’ from the simple to the com- 
plex, and have now in some cases reached 
a degree of complexity which makes 
them incomprehensible to the multitude 
and rather appalling even to those pro- 
fessionals who feel that they must make 
the attempt to follow their development. 

In man’s earliest ideas of space there 
were two characteristic features. One 
was its geocentric architecture. It was a 
natural induction from the apparent 
motions of the heavenly bodies that they 
all revolved about the earth as a center. 
Such a theory, moreover, by placing man 
at the center of the universe, tickled his 
vanity, and furnished a powerful motive 
for the opposition to the later Copernican 
astronomy. 

A second characteristic of space as con- 


ceived by early man was its finite and 
relatively small extent. It is difficult for 
us, familiar as we are from childhood 
with the idea of the immensity of space, 
to realize how small the ancients thought 
the visible universe to be. The Greeks 
placed the abode of the gods no farther 
away than the summit of Mount Olym- 
pus; Omar Khayyam speaks of 
that inverted bowl we call the sky, 

Where under crawling, coop’d we live and die. 
The legend of Mohammed’s nocturnal 
round trip from earth to heaven, mounted 
on a miraculous steed, was a natural out- 
growth of the limited idea of space com- 
mon in his day. Such a story, even when 
colored by the supernatural, would have 
been incredible and could not have taken 
root in the background of such space 
ideas as those with which we are familiar. 
The proud boast of the builders of the 
Tower of Babel, ‘‘Go to, let us build a 
tower whose top shall reach 
heaven,’’ is not to be regarded entirely 
as a figure of speech. 

The change from these ideas to those 
prevalent to-day has been so revolution- 
ary that we have not yet entirely adjusted 
ourselves to it. The world of the 
cients, at the center of a comparatively 
limited universe, was a rather cozy and 
comfortable place. 
stars shone for man’s especial benefit and 
pleasure; the gods were never so far 
away that they could not drop in unex- 
pectedly for supper, if they felt so in- 
clined. Contrast this with the position 
in which we find ourselves. We are but 
microscopic parasites on the surface of an 
insignificant planet, attached to a third- 
rate star. About and beyond us space 
stretches its dizzying immensity, be- 
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strewn with stars like our sun, some 
larger and brighter than our luminary, 
others much smaller. Our cosmic emo- 
tion to-day contains an element of loneli- 
ness. We have so much more room than 
we really need, and our nearest neigh- 
bors are so far away! Nevertheless, we 
must make the best of our situation, and 
perhaps we shall be most successful in 
this if we follow the scientist’s way, and 
learn what we can about this great and 
wonderful space and its contents. 

The visible contents of space, the sun, 
moon, stars and planets, have been the 
objects of man’s study and attention from 
remote antiquity, and this study has not 
been without its fruits. We have learned 
to measure the distances of the stars, and 
even to make chemical analyses of the 
glowing gases that make up their atmos- 
pheres. We have found that the bright- 
est stars are not necessarily the nearest 
to us, and that the so-called ‘‘fixed’’ stars 
are actually in motion with high veloci- 
ties, which great distance renders almost 
imperceptible. We find stars grouped 
together in clusters and nebulous patches, 
such as the Milky Way. Some of these 
nebulae can be resolved by the telescope 
into their star-components; others, irre- 
solvable in this way, have been shown by 
the spectroscope to consist of large masses 
of glowing gas. 

Many of these nebulae, on spectroscopic 
evidence, seem to be receding radially 
from us in all directions, with velocities 
which increase with their distance. This 
extraordinary state of affairs has raised 
a question as to the proper interpreta- 
tion of the spectroscopic evidence. Are 
we to interpret it as we usually do in the 
ease of bodies comparatively near us or 
is there some hitherto unrecognized law 
of light which over an immense distance 
of travel simulates the optical effect of a 
receding body? 

We do not know as yet, but for the sake 
of those of us who are ecosmically minded 
it is to be hoped that these velocities of 


recession are only apparent. If real, jt 
would be a blow to our self-esteem, for jt 
would suggest that in the distant past 
these nebulae were so near us that they 
learned all they wanted to know about the 
way in which man conducts his affairs oy 
this planet, and have never stopped run- 
ning. 

Among the most interesting bodies jy 
space are those which we can not see at 
all—the dark stars and nebulae. Such 
dark stars as we have been able to detect 
are parts of a double star system, the 
light of the bright component being 
periodically eclipsed by the dark star in 
its revolution about it. It is probable 
that many other dark stars exist which 
we have no means of recognizing. 

Dark nebulae are also to be found here 
and there, becoming evident when they 
are seen as dark patches against the back- 
ground of a luminous nebula. One of 
these black regions, known as ‘‘the coal 
sack,’’ caused the astronomer Herschel, 
when it drifted into the field of his tele- 
scope, to exclaim to his sister: ‘‘Surely, 
here is a hole in heaven !’’ 

Stars, star clusters and nebulae, bright 
and dark—such are the contents of the 
space in which we live. These are won- 
derful indeed, but the very space itself, 
in which they live and move and have 
their being, is a greater wonder and a 
more mysterious puzzle. 

Our earth circles round the sun at the 
rate of 18 miles a second. What force 
holds it in its orbit and prevents it from 
flying off at a tangent, like drops of water 
from a rapidly rotating grindstone? The 
force of gravitation, we say. We repeat 
these words glibly, but do we realize the 
magnitude of this force? Calculation 
shows that the centrifugal force of the 
earth in its orbit would snap a steel cable 
5,000 miles in diameter! And yet space, 
‘fempty’’ space, holds the sun and the 
earth together. 

But this is not all. Let us pile Pelion 
upon Ossa. 


The 
tinual 
senting 
of ene 
across 
and th 

Lodg 
it in tl 
lying @ 
we att 
might 
throw ¢ 
or eall | 
might « 
to furn 

In th 
stick is 
tion, b’ 
conside 
century 
light e¢ 
corpus 
body. 
the str 
several 
there v 
was en 
that li 
speed ¢ 
ing in 
weighit 
grain | 
speed 
energy 
a delic 
machin 
time w 
answer 
be ine¢ 
definite 
tion t 
severel 
ground 

Earl 
other ¢ 
encoun 
beams | 
tion mi 
and pr 





THE SPACE IN WHICH WE LIVE 


The earth receives from the sun a con- 
tinual stream of light and heat, repre- 
senting in the aggregate a large amount 


of energy. How does this energy get 
across the empty space between the sun 
and the earth? 

Lodge, in discussing this question, puts 
it in this way. Suppose there is a dog 
lying asleep a few feet from us. How can 
we attract the attention? We 
might prod him with a stick; we might 
throw a stone at him, or we might whistle 
or call to him. In either of these ways we 
might convey sufficient energy to the dog 
to furnish the needed stimulus. 

In the ease of the sun and the earth the 
stick is obviously ruled out of considera- 
tion, but the stone is a possibility to be 
considered. In Newton’s day and for a 
century afterward it was believed that 
light consisted of a stream of very minute 
corpuscles shot out from the luminous 
body. This theory accounted well for 
the straight line travel of light and for 
several other facts of observation, but 
there were difficulties also. One of these 
was encountered when it was discovered 
that light traveled with the enormous 
speed of 180,000 miles a second. Speak- 
ing in modern terminology, a particle 
weighing one millionth as much as a 
grain of sand, and traveling with the 
speed of light, would have as much 
energy as a rifle bullet. How could such 
a delicate organ as the eye withstand 
machine gun fire of this nature for a life- 
time without injury? The only possible 
answer was that the light corpuscles must 
be inconceivably minute; and since in- 
definite retreat was possible in this direc- 
tion the corpuscular theory, though 
severely shaken, managed to hold its 
ground for the time being. 

Early in the nineteenth century an- 
other and a more serious objection was 
encountered. It was found that two 
beams of light traveling in the same direc- 
tion might actually extinguish each other 
and produce darkness. This finally dis- 
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posed of the corpuscular theory of light 

The third alternative method of rous- 
ing the dog now comes up for considera- 
tion. Perhaps light may travel in some 
such way as sound. 

The nature of 
understood. It travels through the air 
somewhat as a train of waves travels in 
water. Light floating on the 
water merely rise and fall as the waves 


sound is quite well 


objects 


pass, showing that there is no forward 
motion of the but 
merely a vibratory rise and fall. Only 
the form of motion moves onward. 

A somewhat vibration takes 
place when sound passes through air. 
When the sound wave reaches the ear of 
the dog it sets the drum of the ear in 
motion, and this in turn excites a nervous 
impulse which creates in the brain the 


water aS a current, 


similar 


sensation of sound. 

But sound will not through a 
vacuum. It is a common lecture experi- 
ment to place an electric bell under the 


pass 


receiver of an air pump and exhaust the 
air. The sound of the bell 
fainter as the exhaustion progresses, and 
finally ceases to be heard. Sound waves 
require a medium for their transmission, 
yet light vibrations come to us from the 
sun across ninety million miles of empty 
Is space as empty as it seems 


becomes 


space. 
to be? 
The phenomena of both gravitation 
and light lead to the same question: 
‘‘How can a body act on another across 
empty space?’’ The utter inconceivabil- 
ity of action at a distance gave rise to 
the hypothesis that space was not really 
empty, but was filled with a medium to 
which was given the name of the ether. 
The properties that had to be assigned 
to this hypothetical ether to make it fit 
the facts of observation were not only 
strange but incompatible with each other. 
The first difficulty to be met was that 
such a medium might naturally be ex- 
pected to cause a retardation in the 
motion of the heavenly bodies. Such a 
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retardation in the case of the earth would 
cause it to spiral gradually inward toward 
the sun, with an accompanying change 
in the length of the year. No such retar- 
dation has ever been detected. 

But the earth is perhaps rather a mas- 
sive body for such a test. A much more 
delicate test is possible in the case of com- 
ets, which are largely gaseous in composi- 
tion, but even here the evidence is nega- 
tive. 

To account for the absence of any 
retarding effect two assumptions were 
made about the ether; first, that it was 
absolutely frictionless, and second, that 
it was tenuous to a degree unparalleled in 
our experience of material substances. 

Such assumptions were logically neces- 
sary, but led to a serious contradiction ; 
for if the ether could exert no retarding 
effect on bodies moving through it, how 
could it exert the accelerating effect we 
eall gravitation? In other words, the 
ether had to be ‘‘ethereal’’ to the nth 
degree, and at the same time stronger 
than a steel cable! And in time it was 
found necessary to assign to the ether 
other attributes equally inconsistent. As 
a result, toward the close of the nine- 
teenth century there prevailed an uneasy 
feeling that we were on the wrong track ; 
that, like Frankenstein, we had invented 
a monster which was getting out of con- 
trol. Yet to abandon the idea of the 
ether was to be confronted with the 
equally inconceivable idea of action at a 
distance. Here was a dilemma, indeed; 
and what was to be done about it? 

In the history of scientific thought it 
has never happened that we have been 
long without a theory of some kind when 
we needed one; and in this dilemma two 
suggestions were made, one in 1886, by 
Hinton, whose name is known to but few 
to-day, and the other in 1916, by Ein- 
stein, whose name (at least) is familiar 
to everybody. It is interesting to note 
that both these suggestions adopted much 
the same way out of the difficulty, though 


in their subsequent development the two 
theories differed widely. 

Both Hinton and Einstein recognizeg 
the necessity for a space-filling mediyy 
of some kind. They also saw that its 
frictionless character must be retained 
This left its supposed tenuity as the on); 
possible point of attack. The magnitude 
of the force of gravitation suggests a 
connecting medium of a rather substan- 
tial character, and since there is ob. 
viously no room for such a substantia] 
medium in our space as we know it, both 
Hinton and Einstein placed it where 
there was plenty of room—out in space 
of four dimensions. 

The concept of four-dimensional space 
was not new even in Hinton’s day. For 
at least half a century this idea had had 
a place in mathematical theory. Hinton, 
however, was a pioneer in its application 
to physical problems. 

Charles Howard Hinton was an En- 
glishman, a graduate of Oxford Univer- 
sity. He spent some years as a professor 
of mathematics in Japan, after which lh: 
came to the United States, and held posi- 
tions in Princeton University, in the 
University of Minnesota and in the U.S 
Naval Observatory. It was my privilege 
to make his acquaintance while he was at 
Princeton, and to correspond with him 
until his death in Washington in 1907 
He published in 1886 a book called 
**Scientifie Romances,’’ in which is found 
much of his four-dimensional theory of 
the ether. 

Imagine a paper doll between two large 
sheets of plate glass, both glass and paper 
being so smooth and highly polished as 
to be frictionless. Suppose the doll to 
be conscious, and able to move about in 
his two-dimensional world. All his ex- 
perience being confined to motion in a 
plane, he would have no conception of a 
third dimension. As he moves about he 
may encounter inanimate pieces of paper 
of various shapes and sizes, which he calls 
‘‘matter.’’ He observes that a piece of 
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such matter if set in motion moves with- 
out retardation, and from this he deduces 
that ‘‘space’’ is ‘‘empty.’’ 

Now suppose that the glass is tapped 


strongly at a point some distance away 


from the doll. A wave motion will be 
set up in the glass, and when this reaches 
the doll he will feel it, but will be puzzled 
to explain how this vibration has reached 
him from its point of origin. The space 
around the doll is empty of matter (1.e., 
paper), and how can there be a vibration 
without something to vibrate? 

This contradiction would be hopeless 
to a two-dimensional intelligence, but we, 
with our three-dimensional experience, 
see at once that there is indeed something 
very substantial to do the vibrating, 
something which does not lie in the doll’s 
space, but alongside it, out in three- 
dimensional space, exposing to the doll’s 
touch only its smooth, frictionless and 
imperceptible surface. 

Now move up one dimension, by anal- 
ogy, and we have Hinton’s theory of the 
ether. A two-dimensional figure, such as 
a square, is bounded by one-dimensional 
lines; a three-dimensional figure, such as 
a cube, is bounded by two-dimensional 
surfaces; and a four-dimensiona} figure, 
similarly, would be bounded by three- 
dimensional solids. And just as the 
doll’s two-dimensional space was in con- 
tact at every point with the surface boun- 
dary of the solid glass, so our space of 
three dimensions is in contact everywhere 
with the solid boundary of the four- 
dimensional ether. 

Hinton discusses the question whether 
this paper doll could in any way become 
conscious of his spatial limitation, and 
points out that there is a way by which 
he might become aware of a third dimen- 
sion, depending on the fact that the doll 
actually has a slight thickness in that 
direction, though he is not conscious of it. 

A piece of paper between two sheets of 
glass can turn about an axis perpendicu- 
lar to itself, but not about an axis in its 


955 


own plane. A circle under these condi- 
tions could not turn about its own diam- 
eter; but Hinton points out that if the 
diameter of the circle be very small, less 
than the distance between the class plates, 
it would have perfect freedom of 
and could then execute the three-dimen- 
sional movement of turning about its own 
diameter. 

But a circle thus turned looks the same 
as before, and if anything of this sort 
were to happen in the doll’s experience 
there would be nothing to suggest to him 
that anything unusual had taken place. 
With an unsymmetrical figure the case 
is different. A piece of paper in the 
shape of a lower-case p, confined between 


motion, 


two sheets of glass, may be turned into 
various positions 


p ds 


but never be made to look like a 
lower-case g. To change p into gq re- 
quires motion in a third dimension. But 
if the p be so small that the width of its 
loop is less than the distance between the 
glass plates, this change might be accom- 
plished. 

If the doll should discover that 
of paper below a certain critical size 
could be made to behave in a way which 
is impossible (or, as he would say, in- 


can 


bits 


conceivable) with larger pieces, he would 
regard this as an important and signifi- 
eant fact; and if he should be led by this 
to make a microscopic study of these 
motions he might have revealed to him 
the existence of a third dimension. 
Considerations of this nature led Hin- 
ton to the conclusion that the most likely 
place to look for suggestions of four- 
dimensional would be in the 
behavior of and and 
during a visit which I paid him at Prinee- 
ton in 1897 he outlined to me several 
lines of thought in this direction. For 
instance, consider the law according to 
which electrically charged particles act 
on each other. Under ordinary condi- 
tions we find that the force of attraction 


motion 
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varies inversely as the square of the dis- 
tance between the particles. But if our 
space had a very small extension in the 
fourth dimension, and the distance be- 
tween the particles was less than this 
extension, there would be geometrical 
reason to believe that the law of attrac- 
tion would change to the inverse third 
power. Hinton also pointed out to me 
that the change of p into q might have 
an analogy in the optical behavior of the 
four kinds of tartaric acid. 

Such, in brief, is Hinton’s four- 
dimensional theory of the ether. The 
physical applications that he made of it 
include the phenomena of light and elec- 
tricity, but in neither his published 
writings nor his private communications 
to me did he deal with gravitation. It 
was left for Einstein, thirty years later, 
to propose a theory fundamentally much 
like Hinton’s, and apply it successfully 
to gravitation. 

Imagine a smooth flat frozen surface 
of a lake. Assuming friction to be ab- 
sent, a stone set in motion over this 
surface would move in a straight line 
with uniform velocity. If we observed 
the path of the stone to depart from a 
straight line at any point we might rea- 
sonably infer that there was a slight 
elevation or depression of the ice at that 
place, even though we could not clearly 
see it from where we were standing. 
Now suppose there to be a large, heavy 
stone resting on the ice, producing a 
depression or cusp in the surface in its 
neighborhood. At some distance away, 
where the ice is again flat, suppose a 
small stone, which produces no appre- 
ciable cusp, is set in motion in such a 
direction as will carry it past the heavy 
stone at a short distance from it, well 
within its cusp. The path of the small 
stone, at first a straight line, will, as it 
enters the cusp, gradually assume a 
eurved form. Assuming no attraction 
to exist between the large and the small 


stone, the latter will pass on and out of 
the cusp, its path again becoming 
straight; but on account of the brief 
twist to which it was subjected the lat. 
ter portion of its path will not be in the 
same direction as the first. The smal) 
stone will have suffered a permanent 
deflection. 

An observer watching the motion of 
the small stone through what we may 
call Newtonian spectacles, which do not 
show him the curvature of the ice, wil! 
say : ‘‘Yes; on passing the large stone the 
small stone seems to have experienced a 
force of attraction which has deflected it 
from its straight path.’’ But let him 
replace these glasses by others of Ein- 
steinian make, and he will say, ‘‘No, | 
see now that there was no force of attrac- 
tion at all. It was purely the inertia of 
the small stone combined with the curya- 
ture of the surface that produced the 
change in its path.’’ 

If the small stone passed very close to 
the large one it might not be able to get 
out of the cusp at all, but would circle 
round and round, like a planet round 
the sun. 

This theory of Einstein and that of 
Hinton are fundamentally similar. The 
motion of the stone over the ice and that 
of the paper between the sheets of glass 
are both subject to a constraint which 
limits their motion to two dimensions. 
But Hinton considered only flat space, 
while Einstein added the idea of space 
curvature, which gives rise to an effect 
which we call gravitation. 

Applied to the space in which we live, 
Einstein’s theory contemplates a space 
curvature in a fourth dimension anal- 
ogous to the curvature of the ice sur- 
face in a third dimension. Einstein 
regards our space as normally ‘‘flat,”’ 
but warped or distorted around every 
lump of matter, large or small. The 
great mass of the sun produces a space 
distortion which reaches beyond the 
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planet Pluto, and captures an occasional 
comet that happens to come within 
range. 

The concept of space curvature, like 
that of a fourth dimension, to which it 
is closely linked, is older than either 
Einstein or Hinton, but had always been 
confined to the realm of mathematical 
theory. As applied by Einstein to physi- 
eal problems it has been remarkably 
fruitful. In addition to offering an 
explanation for gravitation it enabled 
Einstein to predict two physical phe- 
nomena which had never been observed, 
but which have both been subsequently 
confirmed by observation. One of these 
was that a star nearly in line with the 
sun, as seen at the time of a total eclipse, 
should appear displaced from its true 
position. A ray of light from a star 
traverses millions of miles of space re- 
mote from material bodies, and conse- 
quently ‘‘flat.’’ In this region the path 
of the ray is a straight line. But close 


by the sun, whose great mass causes a 


on 


avi 


considerable warp in space, the path of 
the ray is bent, and when it again be- 
comes straight it has been permanently 
deflected from its original direction. 

It is interesting for one who remem- 
bers Hinton to compare the reception 
accorded his ideas with that which 
been the guerdon of Einstein. In talk- 
ing with Hinton’s and 
dents, ten or twelve years after the pub- 
lication of ‘‘Scientific Romances,’’ I 
found the opinion prevalent that the 
fourth dimension might be all right in 


its place as a mathematical theory, but 
! 


has 


colleagues stu 


physically --- ! Only one generation 
later, when Einstein again brought the 
fourth dimension into physics, his re- 
ward was world-wide fame and a Nobel 
prize. Tempora mutantur! 

There is much more that might be 
said about the space in which we live, 
but perhaps I have said enough to justify 
my earlier statement that empty space 
is a greater wonder and a more mysteri- 
ous puzzle than its visible contents. 
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SCIENCE IN AN UNFRIENDLY WORLD 


By Dr. W. JAMES LYONS 
NEW ORLEANS, LOUISIANA 


Tuart there are prevalent in the world 
to-day certain trends of thought and 
action unfavorable to the future pros- 
perity of science needs no extensive 
proof. The sentiments range from a 
general coolness toward technological 
advance to an active antipathy toward 
a free science. Each challenge, sepa- 
rately, has been recognized and identified 
with more or less adequacy, but a more 
comprehensive view of them as parts of 
what is in effect a more general move- 
ment is lacking. While it may be said 
that one of the challenges to science 
merely implies ‘‘friendly competition’’ 
of a sort, or that another is only a vague 
rumbling, they deserve a brief considera- 
tion by the student of affairs, as well as 
by the scientist. Because they are not 
isolated in time, but confront science to- 
gether, their significance is enhanced. 
It is not my intention, however, to ‘‘un- 
cover with alarm’’ an immediate danger 
or one of appalling magnitude. 

These current dangers to science are 
clearly distinguishable from each other. 
The first, specifically, is the attack on 
the dominant positions which science, 
and the scientific method have come to 
achieve, during the past seventy years, in 
the national philosophy of education. 
The most prominent and energetic leader 
of this thrust is, of course, Robert May- 
nard Hutchins, of Chicago, whose ideas 
have been developed in numerous publi- 
cations and addresses. The second ad- 
verse trend, less well-defined, is a grow- 
ing coolness toward science, and sus- 
picion of it, in the public mind, more 
markedly at the low-income level. The 
subtle nature of this threat precludes 
its having any leaders. Aside from some 


political talk about declaring a lega) 
holiday for invention, the attitude is yet 
largely negative. What well may be 
taken as the representative attitude iy 
this respect has been presented sym. 
pathetically by Norman Foerster.’ Fi. 
nally, science is confronted with the de. 
moralizing programs of the totalitarian 
governments. The problem for science 
here is not the cruelties and injustices 
which have been inflicted on scientific 
workers in those countries on account 
of race or religious creed, reprehensible 
though such activities are. But a prob- 
lem and a threat to free science does 
exist in the system of regimentation and 
delimitation, of thought and inquiry, in 
vogue in the dictatorships. 

These three unfavorable currents, in 
common, reflect a lessening in the pres- 
tige which science has enjoyed for dec- 
ades. They reflect, it would seem, a 
conviction spreading vertically and hori- 
zontally that science in one or another 
of its aspects is not as worthwhile to 
mankind as it had seemed to be. 
Whether, further than that, any causal 
or logical relationships between them 
exists, I am not prepared to say. It 
does not appear, however, that the exis- 
tence of such relationship is pertinent 
to the present discussion. 

Bound up with the question of whether 
scientists are meeting these challenges 
satisfactorily is the one whether some of 
the criticisms or attitudes are justified. 
What has become the traditional mode of 
pleading the case for science is to point 
with pride to past achievements and to 
predict a future of more abundant crea- 


1**The American State University.’’ Chapel 
Hill: University of North Carolina Press, 1937. 
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ture comforts and less pain. A latter- 
day expansion of this theme has been an 
invitation to the world to put itself in 
the hands of science for the great cure 
of all spiritual, economic and social ills. 
Perhaps this proposal is in the nature of 
a counter-offensive. But the whole argu- 
ment is becoming a little worn and 
empty. It was effective thirty years ago, 
but is not pertinent to the dominant in- 
terest of the troubled world of to-day. 
Some of its implications have been rather 
badly riddled by observers of the modern 


scene. 
But what can and ought the apolo- 
gists of science say or do in its behalf? 


I 


It is true that the analysis and criti- 
cism of Dr. Hutchins and his associates 
are focussed on the theory and pattern 
of higher education which the American 
system had evolved by, say, 1930. Nev- 
ertheless, science is greatly implicated, 
since the dominant theme in that theory 
was the scientific method. In the reac- 
tion against the indoctrination which 
characterized earlier practice in higher 
education, objectivity and the empirical 
basis of knowledge were now emphasized. 
Less and less, with the passage of time, 
was there a willingness to teach anything 
that could not be rigorously proved. 
Norms for evaluation and appreciation 
became themselves subjects for dissection 
and objective analysis. The emphasis 
turned to equipping the student with a 
fund of specialized knowledge, and the 
special techniques by which more facts 
could be uncovered. 

This concept of education the new 
erities have branded as anti-intellectual. 
It is claimed that in the modern teaching 
of science, reason has been suppressed, 
in deference to the accumulation of an 
ever-expanding body of facts. In con- 
sequence, then, of the influence which 


2 Robert M. Hutchins, International Jour. of 
Ethics, January, 1934. 
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science, as well as some other factors, has 
had on education, we are told that the 
modern college graduate has lost the art 
of thinking and knowing. The factual 
deposits which have been left by his eol- 
legiate sojourn lack integration in any 
broad sense. He is without general prin- 
ciples and standards according to which 
he may recognize, understand and evalu- 
ate the large variety of problems with 
which he will be confronted in later 
life. 

This case against science, materialism 
and the elective system in higher educa- 
tion has not been unconvincing. More 
than one college has hastened to revise its 
curriculum and, in re-announcing its 
aims, pay tribute to the disciplined mind 
—a term which a few years ago connoted 
the extreme of intellectual atrophy. It 
is the theory of the New Program, says 
Stringfellow Barr, that ‘‘In addition to 
being able to read, write, and reckon 
more skillfully and fruitfully than the 
American college graduate of to-day com- 
monly does, in addition to being able and 
willing to face present issues, he should 
be able to recognize those eternal prob- 
lems which his ancestors faced before 
him and which recur for every genera- 
tion of human beings. . . . Experience 
had taught that the best statements of 
those problems are the ‘classics’ of 
human thought.’’"> The variance be- 
tween the point of view and mode of 
thought here disclosed, and the modern- 
istic and iconoclastic, scientific attitude 
is readily apparent. 

Not unlike the advocates of science in 
education, the new humanists appeal to 
the democratic traditions of American 
society. Only a system of liberal educa- 
tion, embracing the humanities to an 

8 The Key Reporter, autumn, 1938. 

4 Compare, for instance, Dr. Millikan’s state- 
ment at Reed College, The Key Reporter, 
autumn, 1938, p. 5, with those of Dean Mar- 
jorie Nicolson and Roscoe Pound in a recent 
symposium, The Key Reporter, summer, 1939, 
p. 1. 
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important degree, it is indicated, can free 
men’s minds, and safeguard their free- 
dom of thought and speech. 

None of the new curricula designed for 
a more humane education appear to have 
completely eliminated mathematics and 
the sciences. With varying prominence, 
these branches of knowledge are given 
places in the courses of study. Their 
purity is the norm for admittance. But 
the sciences are under surveillance, if 
not suspicion. No longer, under the 
new plans, are they to be the pacemakers 
or patterns for the literature, philosophy 
and history courses. There is a feeling 
that science as a whole, after sixty or 
seventy years, has forsaken culture, even 
civilization. 

Scientists and technologists, particu- 
larly those associated with education, 
would do well to recognize that much of 
the rationale of the new humanist move- 
ment is sound. It appears that only by 
first doing that are they likely to get 
an attentive audience. 

It is fairly certain that there has al- 
ways been a demand, of varying vigor, 
for a type of education which looks to the 
development of the whole individual. 
The old classical education of a hundred 
years ago attempted to meet this de- 
mand by reducing all graduates to one 
accepted type, the conservative, respec- 
table, widely but vaguely informed gen- 
tleman. All facets of the personality 
were polished, albeit none very bril- 
liantly. But while every educational 
theory has embraced the idea of well- 
rounded development, as an ideal at 
least, the modern, scientifically-inspired 
higher education has, in practice, avoided 
the responsibility of itself pursuing that 
objective. Under the urge to advance 
and spread impersonal, scientific knowl- 
edge, the colleges and universities, their 
faculties and curricula, have lost sight 
of the individual personality. Thus, 
while higher education at its best has 
been producing rather well-equipped 


scholars and research workers, in so fay 
as it has contributed, the graduates are 
without any well-formulated objective 
in life, are unconscious of their moral an, 
social responsibilities, have no confirmed 
esthetic or cultural appreciations. Eve) 
the functions which the colleges haye 
been performing well lose much of their 
attraction when it is realized that bu: 
few of their graduates are associated with 
scholarship or research in later life. 

The scientist-educator, rather than 
continuing to proclaim the adequacy of 
scientific knowledge as the framework of 
higher education, will render a greater 
service to society, and to the cause of 
science ultimately, if he will cooperate 
in the design of curricula which more 
effectively meet existing needs. Such 
curricula will aim to realize, within the 
bounds of each individual’s capacity, 
men of enlarged vision, sensibilities and 
intellect. To accomplish this will re- 
quire a re-orientation of science educa- 
tion; some ‘‘scientistic’’ dogmas will 
have to be shed, and some concessions 
made to the non-scientific branches. 
There is need for a renewed recognition 
of the limitations of science, particularly 
in the fields of human relations and con- 
duct. Here the point of view which 
continually stresses standards of good 
citizenship and moral responsibility, is 
more profitable to the average student 
than is the indifferent, factual and 
analytical approach, which aims to be 
scientific. Many elementary courses em- 
ploying this approach never get far be- 
yond describing the approach itself, and 
conclude by leveling all standards and 
principles. The student gains nothing 
positive. 

\gAll too often have advocates of science 
discounted and disapproved whole sec- 
tions of the cultural deposit of the race, 
largely because they were accumulated by 
non-scientific methods. In many of 
these fields science is still groping for 
an effective approach, and has thus far 
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established only general, abstract princi- 
ples. Whatever motive is associated with 
this immature sort of science can not be 


its own. Realism would dictate that 
here science can not yet offer a workable 
substitute for the structure which men 
have built up from experience and ex- 
pediency, by trial-and-error, hammer- 
and-tongs methods. 

While educators and scientists may 
wisely make concessions to the non-scien- 
tifie branches, nothing indicates that all 
claims for modern science should be relin- 
quished. It must be recognized that the 
physical and biological sciences have 
made contributions of facts and general- 
izations about nature, with which, for 
tangibility and value, the unhampered 
speculation and magic of earlier ages 
have nothing to compare. Educators 
may well take precautions against the 
current movement leading back to the 
old type of classical training. This type 
of education, adapted to an aristocratic 
society, and accepting ignorant bliss for 
philosophic caim, has tended to train 
narrow-minded and snobbish young men 
and women. 


II 


The historians of science are respon- 
sible, it would appear, for the unpopu- 
larity of science among those most acutely 
affected by the depression. In their 
clamor to enhance the scientific tradi- 
tion, and hoard for science all credit 
for the remarkable and unprecedented 
material advances which studded the 
century and a quarter preceding 1930, 
these historians have been more enthusi- 
astic than accurate. The steamboat, the 
locomotive and railroad, the power mill, 
the telegraph, etc., were all hailed as 
triumphs of the scientific method. Pass- 
ing over the inaccurate and illusory 
nature of this interpretation of technical 
and commercial progress, the fact re- 
mains that it achieved wide currency. 
In the more intellectual circles, tech- 
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nology and the development of new com- 
mercial practices were credited with 
facilitating the adaptation of science. 
But, as the doctrine filtered on down 
through the schools and the press to be- 
come a part of the prevailing thought- 
pattern, science emerged as the most 
prominent force responsible for making 
this modern world so startlingly differ- 
ent from all preceding ages. Thus when, 
for many people, the modern world, in 
spite of all its resources, began to slip 
from its role of ‘‘best of all imaginable 
worlds,’’ science came in for a propor- 
tionate share of blame. 

Had a more accurate picture of the 
part science has played been presented, 
science would not now be the object of so 
much suspicion and resentment. 

It is true that the modern world is a 
product of science, but it is also a pro- 
duct of the commercial and industrial 
expansion which seems to have had its 
inception in the city-states of northern 
Italy about the fifteenth century. Only 
by distorting the meaning of science to 
be synonymous with all types of initia- 
tive and daring having an intellectual 
content, can this expansion be regarded 
as a phase of scientific activity. This 
economic expansion and the rise of sci- 
entific inquiry are more properly to be 
interpreted as separate aspects of the 
more general cultural renaissance. 

It is true that, in technology, indus- 
try and science have cooperated to a 
large extent. But for pure science, facts 
and laws have their gradations of im- 
portance regardless of whether or not 
they have immediate application. The 
criteria here are the fundamental natvre 
of the facts, and the generality of the 
laws, as they bear on a fuller understand- 
ing of nature. Admittedly, the scientist, 
in mapping out his programs of research, 
is not always oblivious of the ultimate 
utility of his possible findings. But his 
immediate, and primary objective is to 
uncover more elements of behavior in 
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nature, and to correlate these elements 
under a general principle or theory. 

The inventor or technologist, on the 
other hand, is not concerned with facts, 
old or new, which do not contribute 
directly to the perfection of the device or 
method upon which he is working. It 
may be said that, in general, it is only the 
technique of experimentation that the 
inventor has in common with the scien- 
tist. Many early inventors not merely 
ignored, but actually defied, the accepted 
scientific doctrines of their time, and 
evidently with success. 

Still another agency, distinct from 
either science or invention, has contrib- 
uted to the material comfort and con- 
venience of modern life. It is the spirit 
of initiative and adventure without 
which, though we still had our science, 
the world would be very different. It is 
this spirit which has thrown great bridges 
across rivers, railroads across continents, 
airways and cables across oceans, given 
us by mass production, automobiles, elec- 
tric refrigerators, radio receivers and 
the host of other accessories of present- 
day life. It is this same spirit which 
leads to competition and friction between 
groups of people, within borders and 
across borders. 

Thus, a more comprehensive view dis- 
closes that science was not the main 
spring in the development of our modern 
material facilities, but rather, one of 
several contributing factors. The role 
of science was passive; it made available 
facts and laws which men of action in 
time saw fit to exploit advantageously. 
Condemnation of science for the present 
social and economic derangement of the 
world is as unwarranted as was the un- 
divided credit it received in earlier, more 
prosperous decades. 


III 


What attitude scientists are to adopt 
toward those political régimes which are 
unfavorable, if not outright antagonistic, 


“She 


to scientific progress, already appears to 
have become a matter for debate.’ A+ 
the outset of any discussion of this type 
it should be emphasized that scientific 
groups have no business taking up the 
torch for any political or religious 
‘*ideologies,’’ however attractive some of 
these, or abhorrent others, may be to the 
individual scientist personally. 

Those of us adhering to the liberal] 
tradition should like to identify pure 
science with democracy on the theory 
that, in the realm of ideas, science stands. 
as does democracy in the social domain, 
against authoritarianism. We note that 
in both modern science and _ ideal 
democracy, the statement or conclusion 
of no man is beyond criticism or scru- 
tiny; that in science a great principle 
is never irrevocably established, but is 
accepted only in so far as it is in accord 
with a wide array of experimental facts, 
just as in a republic, a government and 
its laws exist only so long as they are in 
accord with the will of the popular ma- 
jority. But, however attractive this 
analogy may appear, as with all analo- 
gies, it can not be pushed too far, to be 
confused with an identity. That the 
positions of science and democracy are 
merely analogous, and that the two not 
always have been even allies and sole 
mutual supporters, is indicated by the 
disinterested prospect of history. We 
have only to recall the brilliant re- 
searches of the French mathematical 
physicists of the eighteenth century, 
whose work was supported by the aristoc- 
racy of a decaying despotism. Again, 
no one can say that pure science did not 
thrive in imperial Germany. On thie 
other hand, we recall that the first truly 
popular, democratic movement in Europe 
found ‘‘no use for scientists,’’ and forth- 
with beheaded the father of modern 
chemistry. 

5 The principle involved here has been ana- 


lyzed by D. C. Smith, American Scholar, autumn, 
1937. 
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Seience can not endorse this or that 
ideology, or social system simply be- 
eause, aS has been often pointed out, 
science can not choose between objectives 
or ultimate values. Any such an align- 
ment is artificial. It does not appear, 
however, that scientists must remain 
oblivious of current social and political 
developments having implications in the 
activities of science. 

Science has a job to do: to enlarge 
man’s knowledge of nature and of the 
world in which he lives. The materials 
of science are facts. Its method is not 
to stop at arbitrarily established boun- 
daries, if beyond may lie truths to be 
uncovered and examined. And because 
this method is of the essence of modern 
scientific inquiry, scientists have the 
right to insist that the integrity of the 
method be preserved. The public pro- 
scription by scientific organizations of 
those agencies or régimes which en- 
deavor, by coercion, if not by law, to 
cireumscribe the activities of science, to 
with propa- 


supplant objective data 
ganda, or to circulate flimsy, immature 
opinion as scientific doctrine, can not be 


declared inappropriate. Thus, the re- 
eent indictment by a group of American 
anthropologists of the National Socialist 
doctrine of ‘‘ Aryan’’ supremacy, as hav- 
ing no factual basis, was a commendable 
move. 

In general, toward recent ideological 
developments the attitudes of scientists 
thus far appear to be divided. Some 
scientific workers are inclined to remain 
aloof and complacent, concerning them- 
selves with the solution of their immedi- 
ate technical problems. Their view, 
evidently, is that the infringement on 
free inquiry by political and religious 
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ideologies is not something ‘‘new under 
the sun,’’ and that it has not in the past 
proved fatal. With that view goes the 
conviction that the very accomplishments 
of science make its acceptance and sup- 
port inevitable. The spirit of this group, 
it would appear, dominates the scientific 
societies and accounts for the extensive 
silence of the latter in the face of current 
developments. 

Scientists of another temper, alarmed 
at the prospect of a worldwide censor- 
ship of research and inquiry, and being 
unable to register their apprehension 
and disapproval as a scientific body, have 
aligned themselves with pro-liberal or- 
ganizations whose objectivity is ques- 
tionable. Neither one of these courses is 
highly effective in preserving a progres- 
sive, untrammelled science, free from 
potentially discrediting alliances. 

While the sense of the complacent sci- 
entist may be justified, I propose that he 
re-examine his premises, bearing in mind 
that earlier successful cultures, becoming 
assured and complacent, have been sup- 
planted. And not always has the new 
order been superior; one civilization at 
least, that of Rome, disappeared in the 
darkest barbarism. It is not advocated 
that scientists organize to entrench 
modern science as an established system, 
simply for the sake of self-perpetuation. 
Indeed, if it is conceivable that some 
method of inquiry other than the one we 
now know as the scientific, could more 
readily give man an accurate picture of 
his world, scientists should be the first 
to welcome the method. The real prob- 
lem is the preservation of a proven 
method of inquiry against the suppression 
of all significant inquiry. 
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THE SOCIAL SIGNIFICANCE OF SCIENCE 


By HENRY M. WRISTON 
PRESIDENT OF BROWN UNIVERSITY 


THERE is no question whatever that 
the advance of science has the deepest 
social significance; it is manifested 
dramatically in the triumphs of medi- 
cine, in the triumphs of the battlefield and 
in the triumphs of plenty through an 
economy of abundance. But I need not, 
in this tragic hour, remind you that each 
song of triumph has its antiphonal song 
of despair. For science is being used 
to destroy more men than the science of 
medicine can save, and triumph in war is 
defeat both for victor and for van- 
quished. Even as men fight for victory 
they know the losses will be awful. The 
economics of plenty subsists in a world 
where politics decrees an economics of 
searcity. In fact, political forces have 
overcome scientific forces until millions 
of men are unemployed; plenty is bur- 
dened with taxes for the support of 
searcity, and abundance is destroyed 
for the sake of power. ‘‘Guns before 
butter’’ is only the most conspicuous 
illustration. Meanwhile medicine is 
used to heal the artificial wounds by 
which we supplement the ravages of 
nature. 

Under ordinary circumstances the 
eall for an interpretation of the social 
significance of science might be taken as 
a somewhat wishful, not to say nebulous, 
observation. At the moment, however, 
there is a hard reality which gives it 
point. The university, the home of pure 
science, and industry, the home of ap- 
plied science, have both been hard hit. 
The partial devaluation of the dollar, 
which operates over the long pull sub- 
stantially as a capital levy, and the arti- 
ficially low interest rates produced by 
political manipulation of credit for the 
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benefit of perpetually unbalanced goy. 
ernmental budgets are two of many ad. 
verse influences. In Germany inflatioy 
was carried so far that endowments were 
wiped out, and science, already too 
heavily controlled by the government. 
was thrown entirely into the hands of 
the state. The universities of England 
to-day face the fact that they are virtu- 
ally mobilized for war purposes; they are 
in the hands of the state. If the war 
be long and costly, as it appears likely 
to be, then their independent resources 
will be impaired or destroyed. The state 
may not be willing to allow them the 
freedom they have heretofore enjoyed, 
because social pressure for immediate 
utilities and services will run adversely 
to the support of pure science. Without 
pure science as its refreshing well-spring, 
applied science must soon suffer. 
Whether the United States stays out 
of the war or goes into the war, this 
nation will be impoverished. The profits 
of neutrality in modern war are illusory. 
Even if we remain neutral, the costs of 
armament in the United States will 
mount beyond all previous expectations; 
the costs of living will go up; our cur- 
rency may come to be, in the technical 
phrase, ‘‘overvalued’’ with reference to 
the currency of warring nations; our 
debts will be so large that the government 
will not want to pay them. It is the 
characteristic history of government 
debts, just as of private debts, that when 
they are too large they are not paid. 
Witness the German reparations, witness 
the inter-allied debts, and, if you please, 
witness the devaluation of the American 
dollar. If our currency is overvalued 
in that technical sense and if the debt 
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gets too large, it means a further devalua- 
tion of the dollar, a further capital levy, 
that is to say, upon endowed funds and 
upon industry. That, of course, would 
involve a corresponding dependence of 
pure science upon the state, and a further 
diminution of corporate profits resulting 
in restricted budgets for applied science. 
The necessity, therefore, of an acute 
awareness of the social implications of 
science, of the impact of science upon 
social organization and the social future 
is instant and immediate, not only for 
the benefit of society as a whole, but for 
the benefit of science itself. 

In Washington the Senate has been en- 
gaged in a widely advertised debate upon 
neutrality. Like most discussions it wan- 
dered from the real issue to deal with 
many other points. Certainly the dis- 
putants had security more actively in 
mind than neutrality. But the neutral- 
ity of politics is always imperfect at 
best, while the neutrality of science is 
absolute. Science made possible the con- 
quest of the air, but that conquest can 
be used for carrying bombs or for carry- 
ing the mails. Science with even hand 
provides poison gas and the means to 
defeat it. Science impartially devises 
high explosives and the armor to resist 
them. Science provides the instruments 
to wound men and to cure them. In the 
great warfare between good and evil, 
therefore, science is of necessity neutral ; 
but it is not necessary that the scientist 
be neutral. The chemicals, the energies, 
the instrumentalities of science must be 
oblivious to values, but the men who em- 
ploy them can not be, for scientists must 
be men before they can be scientists, and 
their humanity must be greater than 
their skill. 

The other day I was visited by a man 
who has had a distinguished record in 
one of the fields of engineering and also 
as a political and diplomatic adviser. He 
was lamenting the fact that in the uni- 
versities it was almost impossible to find 
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a man dealing with the great problems 
of international relations who had any 
understanding whatever of the impact 
of science and technology upon the life 
of the world, who had any conception at 
all of the importance of science to our 
outlook upon individual life and death 
and our view-point upon national politi- 
eal and economic life. He 
equally to lament that among scientists 
there was a similar want of understand- 


went on 


ing of the social significance of their own 
labors and of the réle which their skills 
might play in the reorientation of inter- 
national affairs. 

Research has achieved many of its dis- 
tinctive triumphs at the cost of loss of 
perspective; men of learning have rent 
the seamless fabric of life in order that 
each might fashion his own 
However gaily those banners may flash 
in the sunshine and however proudly 
they may be carried at the head of 
triumphant advances, we may be re- 
minded in the current tragedy of the 
world that such triumphs can be hollow. 
The achievements can be rendered nuga- 
tory. The advances may be halted. In- 
deed, we may be thrown back into black 
darkness unless men of science under- 
stand the social significance of their work 
and are activated by the warm emotions 
of the humanities, unless those who give 
their lives to the study of society are 
ready also to take full cognizance of 
scientific progress, and unless the philos- 
opher whose duty it is to embrace all 
knowledge and to bring it into coherence 
and significance can unite with the scien- 
tist and the social student in this major 
enterprise of common understanding. 

There have been fantastic proposals 
for various ‘‘courts of wisdom’’ com- 
posed of leading men in the several fields. 
At the moment they would have no effec- 
tive means of talking with each other, 
since they do not understand each other’s 
language. Consequently, these would be 


banners. 
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courts of foolishness rather than of wis- 
dom, for they would have to seek the 
greatest common divisor in their inter- 
course, and that common divisor would be 
pitifully small. The one solution is syn- 
thesis, and synthesis can occur only in the 
mind of one man atatime. If anything 


like the same portion of energy were 
turned toward this synthesis as was put 
into the attempt to find an equation which 
united matter and motion, time and 
space, we should have results, if not as 
startling, at least as useful and promis. 
ing. 


MEDICINE IN THE BIBLE* 


By Dr. CHARLES WEISS 


DIRECTOR OF CLINICAL AND RESEARCH LABORATORIES, 
MOUNT ZION HOSPITAL, SAN FRANCISCO, CALIF. 


Tue Bible has been variously regarded 
as a text-book of theology, a source book 
of sermons and a reference book of early 
Jewish and Christian church history. 
But no one can overlook the fact that it 
is a great work of literature, a document 
full of vital and varied human interest. 
To those who are interested in preven- 
tive medicine and hygiene, it affords 
entertaining reading. As we browse 
through its pages, we are struck by the 
fact that the one person who must be 
regarded as the founder of this science 
is none other than Moses. Stripped of 
the mythology and legends which sur- 
round his life, Moses still stands out as 
a colossal personality, a brilliant legis- 
lator, an inspired and inspiring teacher, 
a righteous judge, an able executive and 
an efficient sanitarian. It was he who 
organized the first department of health 
in the history of the world. 

While it is possible that Moses learned 
his medical lore from the Egyptians, it 
is nevertheless conceded that he synthe- 
sized this knowledge into a philosophy 
of life and into a religion. He advanced 
the practice of personal and public hy- 


‘ giene, not as a taboo, but by appealing 


to the religious emotions and to a sense 
of the nobility of life. To quote Leviti- 
* Address delivered at Stanford University 
(Bible Exhibit Dep’t of Classics) April 14, 
1937, and in the Hall of Religion, Golden Gate 
International Exhibit, June, 1939. 


cus 19: 2, ‘‘Ye shall be holy, for I the 
Lord, your God, am holy.”’ Likewise in 
Deuteronomy 23: 15, we read, ‘‘for the 
Lord thy God walketh in the midst of 
thy camp,—therefore shall thy camp be 
holy; that He see no unseemly thing in 
thee, and turn away from thee.’’ Free- 
dom from disease was the reward offered 
in return for obedience to the will of 
God. ‘‘If thou wilt diligently hearken 
to the voice of the Lord thy God, and 
wilt do that which is right in His eyes, 
and wilt give ear to His commandments, 
and keep all His statutes, I will put none 
of the diseases upon thee, which I have 
put upon the Egyptians: for I am the 
Lord that healeth thee.’’* 

In order to appreciate the full signifi. 
eance of the hygienic laws of Moses, it 
must be recalled that he was leading a 
people just liberated from Egyptian 
bondage, through a great wilderness, a 
desert land devoid of all sanitary facili- 
ties. This undisciplined army had to be 
maintained in good physical, mental and 
spiritual health. To begin with, there 
was the task of providing potable drink- 
ing water and wholesome food. This 
meant provision for the disposal of ref- 
use and excreta, of dead human and 
animal bodies and the development of a 
system of control of communicable dis- 
eases. Any one familiar with military 
science and tactics knows that even to- 

1 Exodus 15: 26. 
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day this is a gigantic task, both during 


war and peace. 
Let us see how Moses accomplished 


this. First, he protected the water sup- 
ply. ‘*This is the law: when a man dieth 
in a tent, everyone that cometh into the 
tent, and everything that is in the tent, 
shall be unclean seven days. And every 
open vessel, which hath no covering close- 
bound upon it, is unclean.’’? When a 
diseased animal fell into an open vessel, 
it was considered unclean and unfit for 
use. Hence we read in Leviticus 11: 33, 
‘And every earthen vessel, whereinto any 
of them (dead animals) falleth, whatso- 
ever is in it shall be unclean, and it ye 
shall break.’’ By preventing contami- 
nation of drinking water, many intesti- 
nal diseases were avoided. Among these 
are typhoid fever as well as bacillary 
and amoebic dysentery. 

When we recall the absence of facili- 
ties for refrigeration and sterilization of 
food during Biblical times, we must re- 
gard the dietary laws instituted by 
Moses as nothing less than life-saving. 
Many of the land and water creatures 
whose food he prohibited were either com- 
monly infected or subject to infestation. 
Animals known to be diseased were for- 
bidden as food. An animal which had 
been partly devoured by another was 
“‘unclean.’’ Such animals may have be- 
come infected with rabies or hydropho- 
bia. The pig is frequently infested with 
flukes, trichina or with pork tapeworm. 
Rabbits may be infected with a disease 
known as tularemia. Shell fish are fre- 
quently contaminated with human sew- 
age and typhoid bacilli. Schistosomiasis 
is carried by some species of snails. 
Wild animals often die of plague or 
tuberculosis. All these were placed on 
the forbidden list, thus avoiding epi- 
demies of food infection and food 
poisoning. 

Another remarkable chapter in the 
sanitary code of Moses deals with the 

2 Leviticus 11: 32; Numbers 19: 14 and 16. 
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disposal of human refuse. We read in 
Deuteronomy 23: 13 and 14, ‘‘Thou shalt 
have a place also without the camp, 
whither thou shalt go forth abroad. And 
thou shalt have a paddle among thy 
weapons; and it shall be, when thou 
sittest down abroad, thou shalt dig there- 
with, and shalt turn back and cover that 
which cometh from thee.’’ The late 
Major O’Connor, who was with the 
British army when General Allenby 
entered victoriously into Palestine, in- 
formed me that this is essentially the 
method used by the British soldiers dur- 
ing the recent World War. Its effect 
was to prevent infestation of soil and 
water with hook-worm and schistosomi- 
asis,—Bilharziosis, a disease known to 
the ancient Egyptians, and still common 
to-day in and semi-tropical 
countries. 

When one reads in the pages of Euro- 
pean history that as late as the seven- 
teenth century creams, perfumes and 
powders were used in the place of bath- 
ing, the value of the ritual baths, men- 
tioned in the Bible, may be more fully 
appreciated. There were so many in- 
stances when a person had to take a bath 
or wash his hands for religious reasons 
that the practice became very common. 
Thus in Leviticus and Numbers we find 
the following regulations regarding bath- 
ing: (1) Any person who came in con- 
tact with the body of, or with the articles 
of furniture used by, a person having an 
unclean issue (venereal disease), or with 
any article used by him was obliged to 
wash his body and his garments.* Wash- 
ing of clothes was required after touch- 
ing the carcass of a beast that had died 
of a natural death. (2) Bathing was 
required after sexual intercourse’ or 
after touching a woman who was men- 
struating. Whoever had come in contact 
with a corpse or a grave was unclean and 

3 Leviticus 15: 5-10. 


4 Leviticus 11: 25 and 40. 
5 Leviticus 15: 18 and Second Samuel 11: 4. 
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had to bathe.® When a “‘leper’’ was 
‘‘healed’’ of his leprosy, he shaved off 
his hair, washed his clothing and bathed 
his body in water.’ The following refer- 
ence in the New Testament is of interest 
in this connection, ‘‘For the Pharisees, 
and all the Jews, except they wash their 
hands oft, eat not, holding the tradition 
of the elders.’’® 

The efficacy of mineral baths is re- 
corded in the Bible. The saline waters 
of the Jordan, the pool of Siloam, as well 
as the waters of the Bethesda, became 
famous for their healing powers. 

While we do not wish to suggest that 
Moses had any knowledge of bacteria or 
parasites, he must have arrived, intui- 
tively or empirically, at the mode of 
spread of contagious diseases. For after 
the war with Midianites, he commanded, 
‘‘whosoever hath touched any slain, 
purify yourselves on the third day and 
on the seventh day, ye and your captives. 
And as to every garment, and all that is 
made of skin, and all work of goat’s hair, 
and all things made of wood, ye shall 
purify.”’ ‘‘Howbeit the gold, and the 
silver, the brass, the iron, the tin, and 
the lead, everything that may abide the 
fire, ye shall make to go through the fire, 
and it shall be clean; and all that abideth 
not the fire ye shall make to go through 
the water.’’ ‘‘And ye shall wash your 
clothes on the seventh day, and ye shall 
be clean, and afterward ye may come 
into the camp.’’® 

One of the most remarkable public 
health procedures given by Moses related 
to the isolation of persons infected with 
communicable diseases. This routine ap- 
plied not only to persons afflicted with 
a venereal disease (gonorrhea), but to 
that group of skin infections known in 
Hebrew as ‘‘Zoraath’’ and loosely trans- 


6 Leviticus 11: 25 and 40. 
7 Leviticus 22: 4 to 6. 

8 St. Mark 7: 3. 

® Numbers 31: 19-24. 
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lated as ‘‘leprosy.’’ It is notewort}, 
that not only the patient himself was ; 
be quarantined, but even those that hai 
had contact with him. ‘‘What man gp. 
ever of the seed of Aaron is a leper, o; 
hath an issue, he shall not eat of the h ly 
things, until he be clean. And whos 
toucheth any one that is unclean by the 
dead; or from whomsoever the flow o 
seed goeth out; or whosoever toucheth 
any swarming thing, whereby he may be 
made unclean, or a man of whom he may 
take uncleanness, whatsoever unclean. 
ness he hath; the soul that toucheth any 
such shall be unclean until the even, and 
shall not eat of the holy things, unless he 
bathe his flesh in water. And when the 
sun is down, he shall be clean; and after. 
ward he may eat the holy things, because 
it is his bread. That which dieth of it- 
self, or is torn of beasts, he shall not eat 
to defile himself therewith: I am the 
Lord.’’*® ‘‘ And he that is to be cleansed 
shall wash his clothes, and shave off all! 
his hair, and bathe himself in water, and 
he shall be clean; and after that he may 
come into the camp, but shall dwell out- 
side his tent seven days. And it shall be 
on the seventh day, that he shall shave 
all his hair off his head and his beard 
and his eyebrows, even all hair he shall 
shave off; and he shall wash his clothes, 
and he shall bathe his flesh in water, and 
he shall be clean.’’™ 

One of the most remarkable achieve- 
ments in the field of preventive medicine 
and hygiene is the introduction by Moses 
of a compulsory weekly day of rest (the 
Sabbath) for all the people. It is true 
that the ancient Babylonian calendar in- 
cluded certain days when the king could 
not perform certain functions; such as 
riding in a chariot, using fire or wearing 
the robes of his kingdom. A weekly day 
of rest for all the people, however, is 
indeed a step forward in democracy, as 
well as in physical and mental hygiene. 

10 Leviticus 22: 4-8 inclusive. 

11 Leviticus 14: 8 and 9. 
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MEDICINE IN THE BIBLE 


The Jewish and Christian peoples were 
the first to benefit from this Mosaic law. 


MEDICINE AND SurGERY IN BIBiicaL 
TIMES 


While the Bible is not to be regarded 
as a text-book of the practice of medi- 
eine, nevertheless we may glean from its 
pages much interesting information in 
this field. Thus, the art and the science 
of obstetrics were fairly well developed, 
as shown by frequent reference to the 
employment of skilled midwives and to 
the use of the birth-stool.’? Various ana- 
tomical anomalies are described in con- 
nection with the laws governing the 
priesthood and marriage.** Priests had 
to be free from certain defects in order 
to be permitted to carry on their sacred 
functions.** Women were ineligible for 
marriage for analogous reasons. Ani- 
mals could not be brought to the altar 
as a sacrifice if they suffered from any 
one of a variety of pathological con- 
ditions. 

Scattered here and there we find other 
fragments of medical knowledge. Many 
diseases were known and _ described. 
Among them are affections of the ner- 
vous system, the heart and blood vessels, 
infections of the eye and skin, tubercu- 
losis of the lungs and of the spine, 
tumors, hemorrhoids, erysipelas and a 
variety of fevers and boils.*° Several 
mental diseases are recorded with great 
vividness and accuracy. Thus, King 
Saul suffered from recurrent paroxysmal 
mania (insanity). King Saul was a 
naturally self-conscious man, easily ex- 
alted into ecstasy and tyrannical self- 
satisfaction. He was possessed of homi- 
cidal tendencies, turned against his own 
son and finally becoming despondent, he 
met with death by suicide. Nebuchad- 
nezzar suffered for seven years from a 

12 Exodus 1: 16. 

183 Deuteronomy 23: 2. 


14 Leviticus 21: 18-21. 
15 Deuteronomy 28: 15, 22, 2 
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type of monomania (mental derange- 
ment) which caused him to believe him- 
self to be a beast. 

Epilepsy is referred to repeatedly in 
the Bible. The most accurate description 
is in the Book of Saint Luke 
*‘And, lo, a spirit taketh him, and he 
suddenly crieth out; and it teareth him 
that he foameth again, and bruising him 
hardly, departeth from him.’’** 

A variety of ‘‘palsies’’ are mentioned 
Some of these may well have been due to 
infantile paralysis. As in Saint Mat- 
thew 8: 5 and 6, ‘‘And when Jesus was 
entered into Capernaum, there 
unto him a centurion, beseeching him, 
and saying, Lord, my servant lieth at 
home sick of the palsy, grievously tor- 
mented.’’ In Saint Matthew 12: 10-23 
we read, ‘‘ And, behold, there was a man 
which had his hand withered.’’™’ 

A stroke of apoplexy resulting from 
heart disease is described in I Samuel 
25: 37 and 38. Nabal, after a hearty 
supper and somewhat riotous night, was 
stricken with apoplexy and died ten days 
later. As stated, ‘‘His heart died within 
him, and he became as a stone. And it 
came to pass about ten days after, that 
the Lord smote Nabal, that he died.’’ 

It is probable that the so-called Bibli- 
eal ‘‘canker’’ is identical with the mod- 
ern word cancer. Thus we find in 
Second Timothy 2: 16, ‘‘And their word 
will eat as doth a canker.’’ 

A number of infectious diseases are 
mentioned. Among them are gonorrhoea 
and what is probably bubonic plague 
(the burning boil).** This may possibly 
be the so-called ‘‘ Damascus boil,’’ a form 
of leishmaniasis. In Deuteronomy 28: 
22 we have reference to fevers which are 
probably of malarial origin and to con- 
sumption which may be identical with 
pulmonary tuberculosis. ‘‘The Lord 
shall smite thee with a consumption, and 
14-18. 


33-34. 


9: 3 


came 


16 See also St. Matthew 17: 
17 See also The Acts 9: 
18 Leviticus 13: 23. 
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with a fever, and with an inflammation, 
and with an extreme burning, and with 
the sword, and with blasting, and with 
mildew ; and they shall pursue thee until 
thou perish.’’ Evidence of a knowledge 
of tuberculosis of the bone is suggested 
by the law that a priest who had con- 
tracted spinal caries could not minister 
in the sanctuary. 

As is still true in the Orient of to-day, 
diseases of the eye were especially preva- 
lent in Biblical times. We read in Gene- 
sis 29: 17, ‘‘ And Leah’s eyes were weak ; 
but Rachel was of beautiful form and 
fair to look upon.’’ Scholars have con- 
cluded that Leah suffered from tra- 
choma, which led to continuous weeping. 

At the head of the list of surgical pro- 
cedures mentioned in the Bible is cir- 
cumcision,—a ritual which has survived 
among the Jewish people unto this day.” 
The prophylactic value of this operation 
may be deduced from a recent article in 
the London Lancet by Dr. Wolbart. He 
points out that cancer of the male organ 
constitutes 2 to 3 per cent. of all types 
of this disease in man. In the Far East 
it rises to about 15 per cent. A careful 
examination of 205 American hospitals 
by six individual observers showed that 
of 1103 cases of cancer of the male 
organ, there was not a single Jew. Like- 
wise 26 Jewish hospitals did not report 
a single case in a Jew. Jews circum- 
cised during infancy (usually on the 
eighth day) do not develop cancer. Can- 
cer of the penis does occur rarely in 
Mohammedans who practice ritual cir- 
cumcision between the fourth and ninth 
year. According to an editorial in the 
Lancet,” the annual mortality from this 
type of cancer in the United States is 
about 225. Most of these can be pre- 
vented by circumcision in early life. 

Circumcision was not the only opera- 
tion practiced in Biblical times. A num- 


19 Exodus 4: 25. 
20 Lancet, 1: 39, 1927. 


ber of surgical instruments are me. dead.’ 
tioned, including sharp cutting ston. — 
knives and awls. The Book of Ezekic) fp aaa 
30: 21, refers to the use of a roller bang. Jerob 
age to mend a broken limb, ‘‘Son of ma, JB kiah « 
I have broken the arm of the Pharaoh, & oulti 
king of Egypt; and, lo, it hath not bee, — ] 
bound up to be healed, to put a rolle Isaiah 
that it be bound up and wax strong, tha: FP ¢o hin 
it hold the sword.’’ § in or 
From casual references we conclude: live.?? 
that the pharmacist, or apothecary, wa, of fies 
well established in his profession in Bi). JF) ¢he bo 
lical times. Thus in Ecclesiastes 10: | j = 
we find, ‘‘Dead flies make the ointmen peated 
of the perfumer fetid and putrid; » belove 
doth a little folly outweigh wisdom ani F)  Antiox 
honour.’’ Mention is also made of th St. Lu 
merchant in powders, which shows that — omnes 
medicines had become important articles Wh 
of trade.** Among the medicines em. Apoer 
ployed were the balm of Gilead, myrr! for th. 
cinnamon, cassia, aloes, calamus, cam- 221 E 
phor, mandrake and stikenard. Oi! and 23 IT 
wine were also poured upon wounds, a — «1 
in the story of the good Samaritan. “ ra 


Music as a form of treatment for those 
afflicted with mental disease is described 
in Samuel 16: 14 and 23, ‘‘ Now the spirit 
of the Lord had departed from Saul, and 
an evil spirit from the Lord terrified 
him.’’ ‘‘And it came to pass, when th: 
evil spirit from God was upon Saul, that 
David took the harp, and played wit! 
his hand; so Saul found relief, and it 
was well with him, and the evil spirit 
departed from him.”’ 

Among the ancient Israelites, unlike 
other primitive peoples, the priests did 
not monopolize the art and science 0 
healing. Moses assigned to them on)! 
the task of supervision in cases of con- 
tagious diseases. The Bible does not 
mention a single instance of a priest hav. & 
ing performed the function of a phys: & 
cian. The prophets, however, practiced & 
occasionally the art of healing. Thus, 
Elijah brought to life a child apparently — 

21 Song of Songs 3: 6. 3 
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dead.2* His disciple Elisha performed 
a similar miraculous cure.** A man of 
God restored the paralyzed hand of King 
Jeroboam.** Isaiah cured King Heze- 
kiah of an inflammation by applying a 
poultice made of figs.*° ‘‘In those days 
was Hezekiah sick unto death. And 
Isaiah the prophet the son of Amoz came 
to him and said unto him: Set thy house 
in order; for thou shalt die, and not 
live.’’ ‘‘And Isaiah said: ‘Take a cake 
of figs.’ And they took and laid it on 
the boil, and he recovered.’’ 

In the New Testament we have re- 
peated reference to Saint Luke, ‘‘the 
beloved physician’’ who practiced at 
Antioch.*® The medicine practiced by 
St. Luke was, no doubt, influenced by the 
contemporary Greek civilization. 

When we come down to the time of the 
Apocrypha, we find an increased regard 
for the distinct profession of medicine. 

221 Kings 17: 17-22. 

23 IIT Kings 4: 18 and 34-55. 

241 Kings 13: 4-6. 

25 II Kings 20: 1 and 7. 

26 Colossians 4: 14, 
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Thus we read in II Chronicles 16: 12, 
**And in the thirty and ninth year of his 
reign Asa was diseased in his feet: his 
disease was exceedingly great; yet in his 
disease he sought not to the Lord, but to 
the physicians.’’ 

In Eeclesiasticus there is repeated 
mention of the physician. In chapter 38 
we find the following famous quotation 
(The Wisdom of the Son of 
Sirach), ‘‘Honor a physician with the 
honor due unto him, for the uses which 
ye may have of him; for the Lord hath 
created him. For of the High 
cometh healing and he shall receive 
honor of the King. The skill of the 
physician shall lift up his head: And in 
the sight of great men he shall be in 
admiration. The Lord hath created 
medicine out of the earth, and he that is 
wise will not abhor them.’’ 

‘*Give place to the physician for the 
Lord hath created him. Let him not go 
from thee, for thou hast need of him. 
There is a time when in their hand there 
is good success.’”’ 


Jesus 
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BOOKS ON SCIENCE FOR LAYMEN 


SOME PIONEER PSYCHOLOGISTS! 


Ir any one doubts the existence of a 
wide-spread interest in the topic of the 
‘‘mind,’’ let him glance over the array 
of brightly colored ‘‘pulp’’ magazines 
on the corner news-stand and note with 
amazement the large number dealing 
(allegedly) with psychology and cognate 
topics. To be sure, they are filled largely 
with twaddle or worse, but they sell, and 
that is all the publishers ask. This is 
merely a roundabout way of saying that 
many people are interested in mental 
phenomena, their nature and laws. Most 
readers of this journal, too, are interested 
in knowing something of the develop- 
ment of sciences and of the men who 
brought about advances in scientific 
thought. We sometimes forget that ad- 
vances, whether in science or government 
or any other field of human endeavor, do 
not ‘‘just happen”’ or take place auto- 
matically; they are due, rather, to the 
genius or keen observation or hard work 
of men and women, people who have 
built additions to a superstructure 
erected upon the foundations laid by 
those thinkers who have gone before. 

In this volume we have a sprightly 
account of the lives of men who have 
added to the sum total of human knowl- 
edge regarding mental functioning and 
the care of the mentally disordered. Mr. 
Winkler is a competent biographer, who 
writes in a highly entertaining, though 
far from lurid, manner; Dr. Bromberg, 
the author of ‘‘The Mind of Man,”’ is an 
able psychiatrist who is not only a care- 
ful student but is himself possessed of 
a pleasing literary style. Thus we have 
presented readable and accurate bio- 
graphical sketches of about twenty men 
who have made valuable contributions to 
the study of the mind. We find pre- 
sented unfamiliar and familiar facts of 


1 Mind Explorers. By John K. Winkler and 
Walter Bromberg, M.D. 378 pp. $3.00. Reynal 
and Hitchcock. 1939. 


the life and work of such men as (a) 
the phrenologist, an unwitting founde; 
of the science of neurology ; Mesmer, w) 
emphasized the value of suggestion 
psychotherapy; Pinel, who struck ;{ 
shackles from the unfortunate inmates 
of the Bicétre and thus established nop. 
restraint as a principle in the care of t} 
mentally ill; Galton, the founder of | 
metrics; William James and G. Stanley 
Hall, the fathers of psychology in Amer. 
ica; Watson, the behaviorist; Terma, 
the psychometrician ; Beers, the founder 
of the mental hygiene movement; Adolf 
Meyer, the dean of American psychia. 
trists; J. McKeen Cattell, the founder 
not only of Science but of experimental 
psychology in this country; and Freud, 
who will probably go down in history as 
the greatest giant of them all. 

The book is heartily recommended to 
all who are interested in psychiatry and 
psychology ; to those who have an intelli- 
gent interest in the care of the mentally 
ill; to those who rejoice in the accom. 
plishments of original thinkers; in short, 
to all who boast of a functioning fore- 
brain. 

Wrvnrrep OVERHOLSER, M.D. 


FROM THE DAWN OF SURGERY! 


THE story of surgery and of surgeons 
is a brilliant and fascinating tale of 
human progress in a field beset by ob- 
stacles and inertia of precedent, ob- 
stinacy and prejudice born of ignorance 
Hiding behind the nom de plume of 
‘*Harvey Graham,’’ a prominent British 
physician feels free to tell his story with- 
out cumbersome documentation, dates 
and footnotes and to interpose his own 
critical evaluations of men, manner and 
thought. The style is admirable, and the 
author obviously has a wide and accurate 
knowledge of his subject. From early 


1 The Story of Surgery. By Harvey Graham. 
Illustrated. xv+425 pp. $3.00. Doubleday, 
Doran and Company, Inc. 1939. 
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BOOKS ON SCIENCE 


onology, tribal ritual and witcheraft 
modern the 
by excellent biographic pictures of 


surgery, story unfolds 
ereat men who earried forward the 
lowie: 
Paré, 
Harvey, Liston, Syme, Lister and many 


h of scientific reason and 


\sklepios, Hippocrates, Galen, 
we. There is a disproportionate em 
British 
ress, but the charm of 


tures so far exceeds the usual biographie 


isis of contributors to prog- 


these word plec- 


sketches in more ‘‘formal’’ histories that 
one forgives the unilateral view-point. 
The author’s personal comments and 


philosophy are absorbingly stimulating 


One reads for pleasure, becomes absorbed 
and suddenly realizes how much under 
standing one has acquired en route. In 
discussing the dim dawn of surgery in 
certain tribal eustoms, *‘Graham’’ com 
ments as follows: ‘* The origin of even the 
most primitive operation lies in reason 
The reason may be inaccurate, but there 
always is a reason.’’ One pauses to re 
examine some of our own scientific con 
cepts. 

This is a volume which should and will 
interest the lavman even more than the 
Devoid of techni 


ealities and written in a lively personal 


physician or surgeon. 


style, it is an accurate history of surgery 
and of its sociologic implications from 
the Stone Age to the 
Viewed in this perspective, the forecast 


present day. 
of the future of surgery is provocatively 
stimulating. 


Epwarp J. STIEGLITZ 


TO FIND A SNAKE! 


THs is a simplified handbook for the 
identification of the snakes to be found 
in the United States, east of the Rocky 
Mountains. When the authors of a book 
of this type have a systematic knowledge 
of their subject, thev have a more diffi 
eult task in the simplification of their 
subject than with scientific 
writing. Translation of such a subject 

1! What Snake is That? By Roger Conant and 
William Bridges. 163 pages. 
$2. D. Appleton-Century Company. 


straight 


108 drawings. 
1939. 


FOR LAYMEN 


to the terms that mav be clearly) 
witl 


is being left out, but 


stood by the layman Is always done 
a feeling that much 
this book represents an excellent 
what can be done along these lines 

In the 
taken the 


Rockies and divided it 


first place, the authors 
continental map ei 
Into 

is explained in a caption of 
**The 
identification of any 
the Area in 


look it up in the 


map so divided first 
snake 
mine which it 
Then 
proper Area number.”’ 
The ** Identification Key 
tirely 


Key 


original character, 


as KEYS a] 


nowadavs—and some bewilde 


are ol 
complexity. This is the simplest kind of 
kev, but that does not mean that it was 
easy to prepare This reviewer wil 
wager that the authors of the handbook 
spent more time and thought in the sim 
plification of the kev than one with many 


indentures or cross reterences by num 


bers. The key forms a separate chapter 


of seven pages, based upon continental 


areas designated by numbers for cross 
reference to a map, with subdivisions as 
to scales being smooth or keeled and the 


W itl itl tl i 


subdivisions are lists of the species, W ith 


anal plate single or divided 


brief annotations as to pattern and refer 
ence to page deseription and plate num 
ber if the species is illustrated 
Descriptions are satisfactorily pre 
sented and the strictly up-to-date nomen 
the considera 


clature shows all care in 


tion of forms 


latest 


various appearing in the 


lists, which have bee 


formal 


undergoing considerable changes De 


scriptions are accompanied by readable 
outlines of habits 


RAYMOND L. DitTMARS 


IN THE TIDAL ZONES 


Tuts book is intended to be equally 
useful to both the scientist and the 

en Pacific Tides By Edward 
Ricketts and Jac} , 
figs., 46 


1939. 


Sh 00) 


Calvin. 


plates. Stanford University 
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man. Because the order in which the 
animals are listed is according to habitat, 
and since both the binomial and common 
names have been used, the authors have 
met with a high degree of success in at- 
taining their objective. As the senior 
author has had many vears of experience 
in collecting, the animals have been well 
chosen with regard to their abundance 
One will seldom find an animal of the 
tidal zones which has not been included 
in the book. 

An appendix listing the binomial of 
all the animals included in the book, and 
arranged according to phyla, classes and 
orders, will be found on pp. 257-302. 
Immediately following each binomial 
within this list the authors have given 
references to papers dealing with each 
particular animal; and they have also 
included a general bibliography on pp. 
302-306. The entire bibliography lists 
some four hundred references. 

The arrangement of the book is unique 
in that it is divided into four main di 
visions which refer to particular habi- 
tats, namely: 1, ‘‘Protected Outer 
Coast’’; 2, ‘Open Coast’’; 3, ‘‘Bay and 
Estuary’’; and 4, ‘‘Wharf Piling.”’ 
These regions are again subdivided. 
For example, the ‘‘Proteeted Outer 
Coast’’ is divided into ** Rocky Shores’’ 
and ‘‘Sandy Beaches,’’ and these in turn 
are divided into four zones: ‘‘Upper,”’ 
‘*High Tide,’’ ‘‘Mid Tide’’ and ‘‘Low 
Tide.’’ The advantages of such a plan 
are readily evident. If one wishes to 
look for a certain animal or animals, ref- 
erence to the appendix and then to that 
part of the book dealing with the region 
one expects to visit will supply one with 
the necessary information. From the 
other point of view, if one has been col- 


leeting and wishes to classify his catch, 
reference to that part of the book dealing 
with the habitat visited will supply the 
desired names. Since practically every 
animal is illustrated either by figure or 
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photograph, the classification is 
facilitated and made doubly cert 
being correct. However, a strict] 


nical classification is outside the si 


through reference to the bibliogra) 

An interesting and exceeding!) 
able feature of the book is the in 
history infor 
about each species when such int 
tion was available. 


written, informative treatise on 
gether with data their environ 
and natural history. 
place on the reference shelf of 


A NATION-WIDE INSTITUTION 


‘*These volumes record an effort 
museums as a whole, the institutio 
different patterns, the work it does 
people who give it life 
The book is not a manual. 
commentary 
strengths and weaknesses, and the 

tations and opportunities of museums 


what evervbody knows by saving what 
think about what everybody knows 
Parts One and Two hew close to the 
describing the museums of the count 
allows some latitude to the reporter, a 


attention because they are most act 


1 The Museum in America. By Laurence \ 
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the 
he 
The 


rieal and statistical facts have been 


e author has visited nearly all 


in America, and seeming!|\ 


ums 
studied all the historical data 
digested and well arranged, and the 
ting should be attractive to those who 
ve professional interest in the museum 
Of the public museums, 224 are of art, 
8 of history, 60 are general museums, 
ot 


sclence. 


») 


3 are of ‘‘industry and the like,’* and 72 
This review will concern itself mainly 
The Museums 
New York 
Museum 

Philadelphia receive major treatment 
rhe author objects to the name ‘‘Science 
and Industry.’’ ‘*The 


trouble about the term ‘science 


ith the last two groups 


Science and Industry in 


and Chieago and the Franklin 


worst 


and 


To quote: 
in- 
dustry’ is its implication that two fields 
Science has come to mean 


are covered. 


pure science. Although pure science 


s not in the province of industry mu 
seums as a rule, there are a few exhibits 
oft 


how 


on the principle of science by 
to 
they are applied. 


wa\ 


introduction exhibits showing 
Also, they are not 

the ot 
investigation. They 


project no research functions like those 


much concerned with 


Increase 
knowledge through 
f other museums. To take up this work 


would be to back away from the social 
aim and to approach industrial services 
n the realm of invention and manage 
ment.”’ 

This type of museum is relatively new, 
and it is therefore about as futile to pre 
(ict its character as it is for an unele or 
even a father to predict the outcome of 


a child. 


a great university stated that one of his 


Not long ago the president of 


nstitutions would not do research work 
Nev- 
ertheless, the institution is doing research 
work. 


ndustry. 


because it was written in the code. 


Pure science is basic to modern 
It unthinkable that the 
museum can rise to broad esteem without 
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fair to quote hin ‘*Like inst 
higher education, museums are 
be as deep or as SHALLOW n the 
as thev are strong or weak in 
Where there Snospirit of nq 
can be but mited learnine 
scholar is a product of the habit 
tigation Where teaching woes 
freshed by learning. it soon he 
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measuring the effectiveness of 
museum as an education institut 
would seem to the reviewer tha 
long run, attendance multip 
tors’ capability factor s the o 
basis for estimating effect vVeness 
this basis published researches, 
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well as comprehensive 
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NOBEL PRIZE AWARD IN PHYSICS FOR 1939 TO E. O. LAWRENCE 


Durine the twenty five 


ericans have been recipients of the 


past years 


\ 
Nobel prize in physics, while during the 

st half of the period for which these 
:wards have been made, only one, Pro- 
A. A. Michelson, distin- 
Oo ished. This ot 
the remarkable development of physics 
n this country since the World War 
part of the 


ssor was so 


another ey idence 


IS 


Sometimes considered to be 
aftermath of that war, sometimes asso- 
ciated with the establishment of the Na 
tional Research Fellowships in physics, 
this transformation of American physics 
from an offshoot of European science to 
a position of independence and leader- 
ratifying to all 


cr 


ship has been those 
oncerned in it. 

The latest recipient of this high dis- 
tinetion is Professor Ernest O. Lawrence, 
of the University of California. Born 
in South Dakota, his formal education 
obtained in American he 
serves as a representative example of an 
American physicist. His leadership in 
the field of nuclear physics has been 


universities, 


recognized all over the world since his 
development of the cyclotron has made 
the Radiation Laboratory at 
the Mecca of those engaged in this type 
of work. 
Achievements 


physies have been made possible through 


Berkeley 


in atomie and nuclear 
the development of methods for produe 
For 


the production of x-rays this is done by 


ing large concentrations of energy. 


accelerating electrons through potential 
from to 
Since one electron is very 


differences of ten thousand 
million volts. 


small, it can deliver all this energy to a 


small part of one atom and so produce 
the intense local disturbance that results 
For the dis 
ruption of an atomic nucleus still higher 


in the emission of x-ravs. 


concentration is necessary, and it can be 
produced by accelerating protons, deu- 


terons or alpha partic through lar 


potential differences 


However the pro 
duction 


; 


; 
woten 


and control of large | 


There 


tio? 


differences are ver\ difficult 
troublesome problems of insula 
the corona losses are so dependent 
t] the 
factory devices are enclosed in tanks 
method of 


a great deal of energy to a small particle 


weather conditions at most si 


much more convenient viving 


is to subject it toa I 


It 


that an automobile 


series of impulses ‘ 


moderate size t sucha 


IS 1h JUS way 

A 
series of explosions one after the other 
at the 
higl 


ittempt to 


envine operates 


and occurring just correct tin 


eS 


serves To produce a speed n the 


fivwheel, while an use a single 
tremendous explosion, such as takes place 


he ac 
panied by a variety of difficulties 


in a large naval gun, would om 


In pursuit of this objective Professor 


Lawrence and his collaborators built 


around 1931, several devices intended to 

produce high-speed particles. One con 

sisted of a long tube containing 
ot 

which 


a num 


ber evlindrical electrodes through 


the 


tween adjacent electrodes an alternating 


particles eould ,e 


pass 


potential difference was applied, and by 


an ingenious arrangement of oscillating 


if 


particle passed hetween a 


that when a 


pair of 


eireuits was provided 
elec 
trodes. the potential difference was 


accelerate 


throug! 


such a direction to 
When the particle 
electrode and out into 


the 


as to continue acce 


as 
passed the 


the s e between 


' 
pa 
] 
' 


ersed| SO) 
This ap 


and pr 


the next pair, potential rey 


erating it IS 


paratus operated successfull) 
duced mercury ions of large energ 
it was soon largely abandoned 
of the 
large cyclotrons in use to-day 

the po 
is applied to one pair 


bent 


device that developed nto 


In the evelotron, alternating 
tential difference 
of electrodes only, but the particle 
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in a magnetic field, is made to go back 
and forth between them in such a way 
that the field is always accelerating it 
and increasing its speed and energy. By 
this means, with the use of a maximum 
potential difference of around 150,000 
volts, it has been possible to give to par- 
ticles the same energy as though a total 
of 18 million velts had been available 
for acceleration. 

The enormous possibilities opened up 
in the field of nuclear physies by the de- 
velopment of the cyclotron have been 
universally recognized. In institutions 
all over the world, and with a particu- 
larly high ‘‘density’’ over the United 
States, cyclotrons have been built and 
put into operation, and more are under 
construction. The various instruments 
at Berkeley have turned out a steady 
stream of results of importance in the 
understanding of the structure of atomic 
nuclei, as well as a variety of products 
of importance in biological and medical 
research. It has been found that the 
bombardment of almost any substance 
with high-speed protons, deuterons or 
alpha particles, produces from the origi- 


THE CENTENARY OF THE DISCOVERY OF THE 
VULCANIZATION OF RUBBER 


To celebrate the centenary of the dis- 
covery of the vulcanization of rubber by 
Charles Goodyear in 1839, the American 
Chemical Society dedicated the general 
program of its Boston meeting, Septem- 
ber 11-15, to discussions of vulcanization 
and to ‘‘the real memorial of this great 
inventor—the great industry which he 
founded, whose products have been vital 
to still greater industries, and have con- 
tributed to the safety, comfort and pros- 
perity of mankind.’’ In addition, the 
Rubber Division held a Symposium on 
the Vuicanization of Rubber and an ex- 
hibit of historic treasures and modern 
products of the rubber industry. 

In the life stories of Charles Goodyear 
and his English contemporary, Thomas 


nal element some other element, 
in a radioactive state, a state fon 
thought to be entirely beyond the 
of artificial influence. This prov 

tremendous mass of material fo) 
study of radioactive processes an 
behavior of the nuclei of the atoms 
At the same time these 
ficially produced radioactive substa 


produced. 


have proved of great value as trace 
following the dispersion of various 
terials through a living organism, as 
as in providing a means of getting ra 
active radiations really inside the 

of an animal. 

In the minds of those acquainted ) 
the situation there is no question 
that because of the extensive rang 
its influence on the development of 
branches of science, the cyclotron is t 
be regarded as one of the most import 
contributions ever made to the techn 
of modern physics; and that for the 
genuity of its conception and the sk 








with which the conception has been 
ried out the highest credit is due 
Professor Lawrence. 

W. V. Houston 


CALIFORNIA INSTITUTE OF TECHNOLOGY : 





Hancock, is the description of the sm: 
erude business of the early ninetee 
century and its transformation to a hu 
modern industry based on their disco 
eries of methods for processing and \ 
canizing rubber. When they start: 
their work rubber was a material w! 


/ 








promised great things because of its e 
ticity and resistance to water, but wh 
always failed to fulfil that promise lb 
cause of its thermoplasticity. Furt! 76 
more, sheets and threads had to be « 

from relatively small solid blocks, a 

fabrie could be coated only from dil 

solutions. Goodyear, Hancock and 

pioneers associated with them develop 

methods for masticating rubber to ma 

it more plastic, cohesive and solub 
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THE FIRST RUBBER MILL. 


calenders for making large sheets and 
for coating fabrics: and the method of 
vulcanizing rubber with sulfur which, 
for practical purposes, eliminated the 
thermoplasticity of rubber, made possi- 
ble the formation of molded rubber goods 
and made available ebonite, as well as 
soft vulcanized rubber. The paper on 
‘*The Work of Thomas Hancock’’ was 





HANCOCK’S MASTICATOR. 


presented by Mr. A. A. Glidden and 

on **The Work of Charles Goody 
was written by Mr. R. W. Lunn, w! 
attendance was prevented by the 

and was read by Mr. W. B. Wieeg 
In addition, the inventors were all 
to tell their own fascinating st 
through the presentation at the bang 
of a single volume containing faesin 
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copies of ‘‘Gum Elastic’’ 
and ‘‘Personal Narrative’? by Hancock. 

The papers of W. A. Gibbons, J. M. 
Bierer and P. W. Litchfield describe the 
technical and industrial growth of the 
industry to its vital position in modern 
civilization. 

In discussing ‘‘Lessons from _ the 
Past,’’ President Conant emphasized the 
frequently forgotten fact that scientific 
progress is greatly helped by industrial 
progress and that the trend of science is 
influenced to a large degree by the social 
and economic environment. President 
Compton told of the effect of synthetic 
chemistry in removing ‘‘the need for em- 
ploying armies and navies to acquire the 
world’s natural resources’’ and predicted 
an accelerated rate of scientific discovery. 

At the symposium on ‘‘The Vulcaniza- 
tion of Rubber’’ the technical descen- 


‘ 


dants of Charles Goodyear discussed the 
progress of their attack on the problem 
which was revealed by his discovery of 
the phenomenon. Here, as elsewhere, the 
lonely pioneer has been replaced by an 





PORTRAIT OF GOODYEAR 
AND AN EBONITE TABLE MADE BY HIM. 


by ( rood ear 


army with modern weapons of che 
physies and botany. 

The technical importance of vu 
tion is due to the physieal char 
duced by it—reduction of pla 
increase in tensile strength, fatig 
resistance to oxidation and the st: 
tion of these properties to both 
These be | 


are all affected by the use of suc! 


and lower temperatures. 


pounding materials as accelerators 
vators, fatty acids, reinforcing pig 
and age resisters, as well as by the 
perature of vulcanization and the 
ability of plantation rubber. A m 
of vulcanizing agents other than 
have been discovered, and Dr. | 
reported that he has obtained goo 
canizates by the use of age resisters 
oxidizing agents. In comparative 
cent years the use of rubber latex 
grown to large proportions and 
industry has grown up based on ‘‘d 
canizing’’ or reclaiming of vulea 
scrap. All these various problems 
discussed from the view-point of cl 
cal reactions, physical structures, 
modynamics, x-ray studies, elect 
properties and technical utility. 
Since an understanding of vulcea 
tion requires an understanding of 
structure of rubber and the mecha) 
of elasticity, it was natural that 
subjects should also be discussed 
Synthetic rubber, long of  scient 
interest, has become of practical int: 
because of the development of oil 1 


tant rubbers in the past decade. T 


outbreak of war in Europe and its p 
ble effect on the supply of so strateg 


material as rubber greatly stimulat 


this interest. 
to formal papers on synthetic rubber 


Consequently, in addit 


materials and the preparation of b 
diene from petroleum, there was cons 
erable corridor discussion of the ma 
various types 
B. S. GARVE’ 
CHEMICAL RESEARCH LABORATORIES, 
Tue B. F. Gooprich CoMPANY 


facture and use of 
synthetic rubber. 
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‘*Hall of 
Lieht’’? in early January the new Buhl 
etarium and Institute of Popular 
Scienee, in Pittsburgh, was in complete 
At the same time, the work- 


irH the opening of its 


neration. 
rooms for amateur astronomers, where 
they can construct their own telescope 


mirrors and mountings, were made avail- 
able for members of the Amateur As 
tronomers Association of Pittsburgh 
The other of the 
opened with ceremonies held in late Oc- 
tober. These included the ‘‘Theater of 
the Stars,’’ equipped with the fifth Zeiss 
planetarium in the United States, the 
“Hall of Astronomy,’’ a number of ex- 
hibits relating to chemistry and physics 


sections institute 


in the main entrance hall, a large gallery 
for temporary exhibits and a lecture hall 
The entire institution memorial 
to the late Henry Buhl, Jr., Pittsburgh 
merchant, who died in 1927 
will, the Buhl 
Chatham Village, a housing project that 
has attracted attention internationally, 
publica 


is a 


and, by his 


=f 


established Foundation. 


research programs, historical 
tions and many other educational activi- 
ties have been sponsored by the founda 
tion, which made a grant totaling about 
$1,100,000 for the erection and equip 
ment of the new institute. 

The limestone building was designed 
by Ingham and Boyd, Pittsburgh archi 
tects, and is decorated with six seulp 
tures by Sidney Waugh, of New York 
It is located on the city ’s North Side, 
which was the city of Allezheny before 
the consolidation with the city of Pitts- 
burgh, which took place in 1907. In fact, 
the site is the one formerly occupied by 
the Allegheny City Hall In addition 
to being central, the location is particu 
Mr 
Buhl’s business life was centered in this 
Not far away is the 


larly appropriate in several wavs 


section of the city. 
Allegheny Observatory, with 


long 


its 
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record of valuable researches under tl 
directorship of such famous astronomers 
as Langley, Keeler, Schlesinger, Curtis 
and Jordan This was also the r 
where lived and worked the well-b« é 
‘*Unele John’’ Brashear, teles ope mal 
and popularizer of science 

Opposite the building is Ober Par 
which has been redesigned in keepi 
with its new environment On one sick 


is the Carnegie Library 
Post Office, while a short distance 


iew Al 
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THE NEW BUHL PLANETARIUM AND INSTITUTE OF POPULAR SCIENCI 


has no windows, which makes for com- 
plete flexibility in arrangement of ex- 
hibits. Towards one end hangs the 
Foucault Pendulum to demonstrate the 
Earth’s rotation, while to the other end 
of the hall is a large rotating drum show- 
ing a Periodje Table of the Chemical 
Elements, with samples of almost all of 
them and surmounted by a revolving 
globe of the Earth. Around the Fou- 
cault Pendulum are grouped a number 
of exhibits relating to physics, especially 
electricity, and around the Periodic 
Table are chemical displays. One of 
these shows the growth of plants under 
artificial light, and with nutrient solu- 
tions in place of soil. 

Krom the west end of the main hall, 
one enters the Lecture Hall, seating 250 
persons and equipped with complete 
projection equipment for silent and 
sound motion pictures, in 16 and 35 
millimeters, and for lantern slides. At 
the front is a lecture table with all 


needed facilities Like other part 
the building, the lecture hall is air 
ditioned. 

In a corresponding position, at 
east end of the building, is the Hi: 
Astronomy. The wall at the fa: 
shows an are of the Sun and the pla 
to the same seale. Below are diag) 
showing the orbits of the planets 
five seales with dials to show what « 
weight would be on Eros, the M 
Jupiter and the Sun, as well as o1 
Earth. Along the walls are ex! 
showing methods of time determinat 
and time-keeping, and observatories 
the past and present Other disp 
illustrate motions of the stars. I) 
center of the room are shown a @! 
of medals and cups presented to Joh) 
Brashear and a collection of meteo 
One of these, weighing nearly 
pounds, is arranged to tell its own st 
When the visitor presses a_ buttor 
record is started in another room a) 
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ENTRANCE GALLERY OF BUHL PLANETARIUM IN SIENNA MARBLI 


spoken explanation is heard. By an_ tion equipment for slides and 1 


intricate wiring system, exhibits in all pictures, apparatus for recorded musi 

parts of the building may be made to and an electric organ are also provided 

tell their own stories in the same way. and used regularly. The room has seat 
Through the middle of the Main Hall for 492 spectators 

is the entrance to the ‘‘Theater of the Two wide stairways 

Stars,”’ the planetarium chamber, 65 Hall conduct the \y 

feet in diameter, and provided with a _ floor First he 

perforated metal dome, which has proven and from this he can go into an « 

to be the best for the purpose. The room below the planetarium chambe 

planetarium projector, for the first time, This is devoted to temporary exhibits 


‘ 


is mounted on an elevator, so that it may For the first few months it was a ‘‘Ha 
be removed completely from the chamber of Safety,’’ with tests for safe drivii 
and the floor covered. This makes pos- provided by the Aetna Casualty and 
sible greater realism, for the room can Surety Company Later it will be 

be darkened without the audience being for an exhibition of photography and 
conscious of the machine. It also per- for a School Science Fair, with scientifi 
mits greater latitude in giving special exhibits made and shown by high-sel 
performances, for which there is a stage. students 

This, too, is removable. <A section of At the front of the lower floor, un 
the wall opens, and the stage can be the Main Hall, is the ‘‘Hall of Light 
rolled out, by electric motors, into the with exhibits showing the spectrum, the 
room. Complete air-conditioning keeps  stroboscope, fluorescence, formation of 


the chamber comfortable. Full projec- images by mirrors and lenses, ete. A 
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in other halls, most of these exhibits 
are action ones, operated by the visitor. 
Several are equipped for spoken deserip- 
tions. Adjoming the hall of light at 
one end are the workshops of the Ama- 
teur Astronomers Association. At the 
opposite end is a ‘‘Club Room’’ for 
meetings of a hundred or less. The rest 
of the ground floor is devoted to the 
mechanical facilities of the building, air- 
conditioning, machine and woodshops, 
photographic laboratories, ete. 

The offices are on the second floor, and 
on the third floor is space for an observa- 
tory, which will be opened in the late 
spring. This will be provided with a 
10-inch siderostat telescope, made by the 
Gaertner Scientific Corporation of Chi- 
cago. Having a fixed evepiece, used 
from a closed observing room, while the 
telescope lens and the flat mirror feeding 
it are in the open, this is an ideal type 
of instrument for a public observatory. 
Because of the importance of the Pitts- 
burgh area in science and technology, 
it is felt that the Buhl Institute will fill 
an important place in the community. 
By continual change of exhibits and 
demonstrations, it is believed that the 
steady interest of the people will be 
aroused. Scientific demonstrations and 


MORE SPEED IN 


AN enormous amount of progress has 
been made in the speed with which photo- 
graphs can be taken since Daguerre 
startled the world with his first pictures 
a hundred vears ago. His wet plates 
were followed by the much more con- 
venient dry plates, which have become 
increasingly sensitive and rapid. In- 
deed, since the great 200-inch telescope 
was started the increase in sensitivity of 


photographie plates, especially for red 
light, has made the old 100-inch Mt. 
Wilson telescope nearly as effective for 
celestial photography as it was expected 
the larger new telescope would be. In 


showings ot scientific motion 
will be given in the lecture hall 


Theater of the Stars, full use of t] 
and other facilities will be made t 
atize the subjects presented, and t 
interest a section of the com 
which might otherwise remain 
Outstanding displays of industri 
ence will be shown in the Oct: 
Gallery. The Hall of Light will 


permanent, but will later give 


correspondingly complete displa 


some other branch of science, 


radiation, in general, or perhaps 

subject relating to chemistry or bi 
Admission is charged to the 

tarium, but the exhibits in the v: 


halls are free. The admission 


the main source of income. The ins 
tion is under the control of a boa 
managers, consisting of the four 


bers of the Buhl Foundation 


William SS. Linderman, Arthw 
Braun, Andrew W._ Robertson 
Colonel Charles A. Brooks—Dr. C] 
F. Lewis, director of the foundat 
who is the president, and, er-offic 
mayor of Pittsburgh and a repres 
tive of the city council. The Hono 
George E. Evans fills the latter post 
JAMES STOKLE} 


dD 


CAMERA LENSES 


other words, the speed of photogra 
plates, especially for red light, has 1 
than doubled in about five vears. 
The speed of a camera or other pl 
graphic instrument depends also 


its objective, or the lens which 


the light. Obviously the brightness 
the image on the photographic plat 
proportional to the area of the object 
that is, to the square of its radius. 

this reason the objectives of the port 


eameras before the advent of 


sensitive plates were generally Sey 
inches in diameter. The 200-inch 


scope is being constructed at a cost 


Sm 
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because of its great 


$6 000.000 
eathering power 
an objective is 
the 


image formed by 
sly brighter the smaller it is 
of 
mage Is smaller the shorter the focal 
ength, the 
tne this 


sal amount light on a smaller area 
in area inversely 
focal length. For 
imeras of continually decreasing ratio 


as square 


reason 


liameter of objective to focal leneth 
ave been produced. Other things being 
equal, a camera whose focal distance is 
twice the diameter of its objective is four 
times as fast as one in which the ratio is 
ur to one 

Objectives of short focal length meet 
1 serious difficulty the curves of their 
enses must be steep The steeper they 
ire the greater their aberrations and the 
ereater the number of lenses that must 
The 


enses of nearly all cameras consist of at 


he employed to correct the defects. 


E least three lenses; those of very short 
focal ratio, of at least five lenses. At 
each surface of these lenses there are 


reflections, the more serious the steeper 
These losses are so creat 


their curves. 


Pthat a camera objective of five lenses 
to the 
minder the most favorable conditions only 


about 60 per cent. of the light that falls 


transmits photographic plate 


ipon it. The remainder is not only lost 


to the image but is seattered, and part 


HOUSE-HEATING 


For many years scientists have been 
nterested in the problem of using radi 
the 
source for heating and mechanical work 
Dr G. Abbot, of the 
Smithsonian Institution, has constructed 


ant energy received from sun as a 


Charles director 
aseries of notable solar engines that have 
attracted Now the 
Massachusetts Technology 


much attention. 
Institute of 
has taken up the problem of house-heat 


ing by solar energy with the aid of a gift 
of nearly $650,000 from Dr. Godfrey L. 
Cabot. 











; 
tl 


pla 


I 


PROGRESS OF SCIENCE 


it produce 
te 
tecently J 


the 


Oo 
nology, has 
tions trom 
objectives | 
ratio ot 
tives he has 


underlying pr 


bv reflection are re 


Coy 


pal 


ered with 


‘ent 


Massa nu 


two to one 


medi: 





Ss SD 


yr. ¢ 


ry ; 


the 


ndeed 


doubled 


very 


i of ow 


The thickness of the la 


of half of 


Is ¢ 


to 


lesired 


possible 


Such 


Cartwright 


Unfortunately, 


the 


subst 


Wave-lel 


transn 


ances were ol | hy 
in the meta ( fi 
the films of these 


rials vali he depos Ted on t} °® Suria 


lenses only in a vacuum 


considerably to their 


tity 


he 


production t} wr 


reduced 


until 


the 


vrade cameras will be 


filn 


indeed 


is 


having the 


alu 


Way another important step will 


{ low 


Ihereasing 


rertractive 


, Microscopica 


propert ies oO} 


the 


spee 


BY SOLAR ENERGY 


Enough solar ene 
Vvear on hnearl “il 
manufactory, not o 
operate all the machn 


tall 
the 


the sun amounts, « 


] Expressed 


energy 


rece 


ve 


ul 


“(| hy 


the 


h 


three eighths of a horse 
vard. Of course, the 
depends upon the tatit 
not vary as much as 
posed. For example, 


equator the amount of 





tact 


t Yet 1h) 


tl 


coated 


tr , 


CS 


amera 


Mor | 


S 
neat 
tw 

S ¢ hors 

the eartl 

average, tT 


power pel 
amount re 
nde hnt if 
Lice nT 

Ss vrenera 

at the. ea 


solar enerey 





; 
4 
. 
| 
[ 
+ 
} 
1 
t ; 
ey 
af 
fe 


*seserus 157% © BR) 


288 THE SCIENTIFIC MONTHLY 


unit area received per vear is only about 
2.5 times as much as is received at the 
poles, though the distribution differs 
widely throughout the vear. 

The amount of solar energy received 
by any place on the earth varies each day 
from zero (except in polar regions) to 
a maximum depending on the latitude 
and the time of the year. _In order fo 
have available an unfailing and uniform 
supply, some effective and feasible stor- 
age system Is necessary. Lest it be 
feared that the energy received from the 
sun would not be sufficient, even if if 
could all be used, to heat a residence, it 
may be remarked that on a house 30 by 
36 feet (10 by 12 vards) in floor dimen- 
sions solar energy is received, on the 
average, at the rate of 45 horsepower. 
This energy for 24 hours is approxi- 
mately equivalent to the total energy in 
160 pounds of good coal. Since no house 
30 by 36 feet in dimensions uses, on the 
average, more than 160 pounds of coal 
a day, solar energy is sufficient for house- 
heating in mid-latitudes providing it can 
be efficiently stored and used. 

Theoreti- 
cally there are many ways—as heat, as 


How can energy be stored? 


chemical energy, as electric energy, as 
potential mechanical energy. For vari- 
ous reasons the storing of energy in the 
form of heat is the most promising. All 
that is necessary is to provide something 
that will absorb solar energy as heat 
when the sun shines, store it safely and 
economically, and deliver it whenever it 
may be required. For very good reasons 
the scientists at the Massachusetts Insti- 
tute of Technology have chosen water as 
the material in which to store energy. 


In the first place, water is cheap, easily 
In the second place, 


handled and safe. 


more heat is required to raise t] 
perature of a pound of water 
amount than to raise the temperat 
a pound of any other solid or lig 
same amount. And conversely, i 
up a certain amount of heat the te 
ture of a pound of water is lower 
than the temperature of a pound 
other solid or liquid is lowered in 
up the same amount of heat. For 
ple, the temperature of iron wo 
lowered five times as much as thi 
perature of water. Consequently 
is the ideal material for storin: 
without using high temperatures 
Obviously, the problem of gettin: 
energy into water and preventi 
escape until it is required is a s 
one. It can undoubtedly be solve: 
Ther 


prospect that at present solar enereg 


vided we will pay the cost. 


be used for such purposes as house-| 
ing In competition with coal and | 
leum. 


leum will be exhausted, last in Ni 


America because this continent cont 
a considerable fraction of the k 
petroleum resources of the world 
over half of all the coal. Long b 
that time comes scientists will 

found other sources of energy, the 


promising of which is the sun, 


which essentially all terrestrial ene 


has directly or indirectly been rec 
For.example, it is solar energy that | 
water to high levels in the air, that d 
the winds that turn our windmills 
fill the sails of our ships, that is store 
by photosynthesis in the myriad el 


phyll cells of plants, some of it late: 
be available as food or coal or petrol: 
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